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ABSTRACT 
 
 We report the development of a procedure for the α-arylation of esters on 42 mmol scale which did not 
require use of a glovebox.  The coupling of 3-bromoanisole and methyl isobutyrate catalyzed by 0.075 % 
[(P(tBu)3Pd(μ-Br)]2 occurred in 72% yield.  The reaction was performed with commercially available reagents at a 
lab bench utilizing Schlenk technique. 
 We report the γ-arylation of α,β-unsaturated esters in high yield with broad scope by coupling aryl, 
heteroaryl and vinyl halides with the corresponding silicon dienolates. These reactions occur in high yield with a 
variety of esters and with aromatic and vinylic electrophiles bearing potentially reactive functional groups.  The 
coupling also proceeds in moderate to good yield for the coupling with silyl ketene acetals containing substitution at 
the α,β,γ- or δ-position.  Moreover, these reactions occur without typical fluoride activators. 
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CHAPTER 1: LARGE SCALE PROCEDURE FOR THE α-ARYLATION OF ESTERS CATALYZED BY 
THE Pd(I) DIMER [P(tBu)3]Pd(μ-Br)]2 a 
1.1  INTRODUCTION. The transitional metal-catalyzed coupling of enolates of carbonyl compounds with aryl and 
vinyl electrophiles has become a useful method for the construction of carbon-carbon bonds.1,2  α-Aryl carbonyl 
compounds have shown biological activity; a number of pharmaceutical drugs contain aryl groups in the α-position 
of carbonyl compounds.3  In 1997, our group,4 along with Buchwald5 and coworkers and Miura6 and coworkers 
independently reported the palladium-catalyzed α-arylation of ketones with aryl bromides.  Since these initial 
reports, a number of catalyst systems have been developed to expand the scope both the ketones and electrophile.7-25  
Along with ketones, catalyst systems have been developed for the α-arlyation of enolates derived from esters,11,26-37 
amides11,37-46 and aldehydes47-51.  The proposed catalytic cycle for α-arylation of enolates begins with the oxidative 
addition of the Pd(0) catalyst (1) into an aryl halide, forming an aryl-palladium halide complex (2) (Scheme 2).52  
Ligand substitution on 2 with an enolate forms a palladium enolate complex (3).  The enolate can be either η1-O 
(3a) or η1-C- (3c) -bound to the palladium center.  These two complexes are in equilibrium via an η3–enolato 
species (3b). Reductive elimination from (3c) forms the α-aryl carbonyl compound and regenerates catalyst 1.  
Since α-aryl carbonyl compounds are potential pharmaceutical compounds or synthetic intermediates, our group 
sought to develop a procedure for the large scale synthesis of α-aryl carbonyl compounds. 
Scheme 1. Catalytic cycle for the α-arylation of carbonyl compounds 
 
a A manuscript of potions of this work has been submitted to Organic Syntheses. 
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1.2 RESULTS AND DISCUSSION.  Our group has developed the palladium-catalyzed coupling of esters and aryl 
halides as a convenient method for the synthesis of the aryl C-C bond in α-aryl carboxylic acid derivatives.  The α-
arylation of esters proceeds at ambient temperature and tolerates a variety of functional groups on both the ester and 
the aryl halide. (Scheme 2).35  Since the α-arylation of esters proceeds in high yield, we sought to develop a large 
scale synthesis of α-aryl ester solicited by Organic Syntheses.  Our initial goal was to create a procedure in which 
the reaction could be performed outside of a glovebox.  While our previously reported catalyst system combined 
Pd(dba)2 with PtBu3 as catalyst precursors, this catalyst system was not suitable for this procedure because PtBu3 is 
pyrophoric.  Although PtBu3 is not stable outside of an inert atmosphere, [(P(tBu)3Pd(μ-Br)]2 is air stable and an 
effective catalyst for a number of different cross-coupling reactions.11,28,29,37,44,53-58  Independently, our group and 
researchers at Amgen developed the α-arylation and vinylation of esters with aryl and vinyl bromides catalyzed by 
[(P(tBu)3Pd(μ-Br)]2.11,28,53  [(P(tBu)3Pd(μ-Br)]2 is a more active catalytic system for the coupling of esters and aryl 
bromides than other catalytic systems based on tri-tert-butylphosphine.  With an air-stable catalyst, we developed a 
procedure for the coupling of methyl isobyrate with 3-bromoanisole.  The reaction was performed at a lab-bench 
with commercially available anhydrous solvent utilizing Schlenk techniques.  The coupling of methyl isobutyrate 
with 3-bromoanisole proceeded in moderate yield with a low catalyst loading of [(P(tBu)3Pd(μ-Br)]2 (Scheme 3). 
Scheme 2. Palladium-catalyzed α-arylation of esters.35 
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Scheme 3.  α-Arylation of methyl isobutyrate with 3-bromoanisole. 
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1.3 CONCLUSION.  We developed a procedure for the α-arylation of esters with the air-stable [(P(tBu)3Pd(μ-Br)]2 
catalyst that could be performed without specialized equipment.  The coupling proceeds with low catalyst loading of 
[(P(tBu)3Pd(μ-Br)]2.  The cost of the catalyst is comparable to other reagents for the reaction.  Since [(P(tBu)3Pd(μ-
Br)]2 is air-stabile and an active catalyst, our procedure is suitable for the large scale synthesis of α-aryl carboxylic 
acid derivatives. 
1.4 EXPERIMENTAL 
General experimental methods.  Elemental Analyses were performed by Robertson Microlit Laboratories, Inc. 
(Madison, NJ) or at the University of Illinois School of Chemical Sciences Microanalysis Laboratory.  GC analyses 
were performed on an Agilent 6890 GC equipped with an HP-5 column (25 m × 0.20 mm ID × 0.33 μm film) and an 
FID detector.  The temperature program held at 80 oC for 1.5 min, ramped from 80 oC to 300oC at 100 oC/min, hold 
at 300 oC for 3 min.  tR (3-bromoanisole) = 3.33 min, tR (methyl 2-(3-methoxyphenyl)-2-methylpropanoate) = 3.89 
min. 
All NMR spectroscopy was conducted at the University of Illinois School of Chemical Sciences VOICE NMR 
Laboratory using Varian 400 MHz and 500 MHz Unity and Inova instruments.  NMR spectra were processed using 
MestReNova 6.0 (Metrelab Research S.L).  Chemical shifts are reported in ppm and referenced to residual solvent 
peaks (CHCl3 in CDCl3: 7.26 ppm for 1H, 77 ppm for 13C).  Coupling constants are reported in hertz.  TLC was 
performed with EMD Slica Gel 60 F254 (250 μm layer thickness).  The product was visualized by UV light and 
staining with KMnO4. 
Anhydrous toluene (99.8%, sureseal) and the 1.6 M solution of n-butyllithium in hexane were purchased from 
Aldrich Chemical Company, Inc., and used as received.  Dicyclohexylamine (99%), methyl isobutyrate (99%) and 
3-bromoanisole (98+%) were purchased from Aldrich Chemical Company and degassed (three freeze-pump-thaw 
cycles) prior to use.  [P(t-Bu)3Pd(μ-Br)]2  was purchased from Johnson-Mathey or Strem Chemicals and used 
without further purification. 
Procedures for α-arylation of methyl isobutyrate with 3-bromoanisole. 
An oven-dried 250-mL, three-neck, round-bottomed flask equipped with a PTFE-coated stirbar was equipped with 
an oven-dried flow control adapter and capped with two rubber septa.  The flask was cooled and maintained under 
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an atmosphere of nitrogen during the course of the reaction.  After the flask cooled to room temperature, anhydrous 
toluene (100 mL) was transferred via cannula to the flask.  Dicyclohexylamine (10.9 mL, 9.95 g, 54.8 mol, 1.30 
equiv) was added to the toluene via a gas-tight syringe.  The flask was placed in an ice-water bath, and the solution 
was stirred for 10 minutes.  n-Butyllithium (34.3 mL, 1.6 M in hexane, 54.8 mol, 1.30 equiv) was added over 13-15 
minutes to the cooled solution of dicyclohexylamine via a gas-tight syringe.  The reaction turned yellow upon 
addition of the n-butyllithium.  The reaction mixture was stirred for 30 minutes at 0 °C.  To the resulting lithium 
dicyclohexylamide suspension was added methyl isobutyrate (5.30 mL, 4.72 g, 46.2 mol, 1.10 equiv) over 13-14 
minutes via a gas-tight syringe.  The reaction mixture was stirred for an additional 30 minutes at 0 °C.  3-
Bromoanisole (5.32 mL, 7.86 g, 42.0 mol, 1.00 equiv) was then added to the flask via a gas-tight syringe.  A septum 
was removed and [P(t-Bu)3Pd(μ-Br)]2  (0.0245 g, 0.0315 mmol, 0.000750 equiv) was added to the flask under a flow 
of nitrogen.  The 3-neck flask was removed from the ice-water bath, and the reaction was stirred for 4-6 hours at 
room temperature. 
After this time, the 3-neck flask was opened to air and the reaction mixture was poured into a 500 mL Erlenmeyer 
flask containing a PTFE-coated stirbar.  The reaction mixture was diluted with 100 mL diethyl ether.  Aqueous 
hydrochloric acid (70 mL, 1.0 M) was added to the solution, and a precipitate formed.  The resulting suspension was 
stirred for 10 minutes.  The suspension was filtered through a 600-mL coarse-porosity glass fritted funnel.  The 
precipitate was washed with 50 mL of diethyl ether.  The organic layer was separated, neutralized with saturated 
aqueous sodium bicarbonate (50 mL), washed with brine (50 mL), and then dried over anhydrous magnesium sulfate 
(approx. 5 g).  After filtration through a coarse-porosity fritted funnel, the solvents were removed via rotary 
evaporation. 
The crude product was diluted with 10 mL of 1% EtOAc-hexanes (99:1 hexanes:EtOAc) and charged on a column 
(10 × 15 cm) of 440 g of Silicycle Siliflash® P60 silica gel.  The column was eluted with 500 mL of 1% EtOAc-
hexanes and then 750 mL of 2% EtOAc-hexanes (98:2 hexanes:EtOAc).  At this point, fraction collection (50 mL 
fractions) is begun, and elution is continued with 3 L of 5% EtOAc-hexanes (95:5 hexanes:EtOAc).  The desired 
product is obtained in fractions 32-51, which are concentrated by rotary evaporation ) to furnish 6.26 to 6.31 grams 
(72% yield) of product as a clear yellow oil.  Rf = 0.28 (5% EtOAc-hexanes). 
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 1H NMR (499 MHz, CDCl3) δ 7.25 (t, J = 8.0 Hz, 1H), 6.92 (ddd, J = 7.8, 1.8, 0.8 Hz, 1H), 6.90 – 6.87 (m, 1H), 
6.78 (ddd, J = 8.2, 2.5, 0.8 Hz, 1H), 3.80 (s, 3H), 3.65 (s, 3H), 1.57 (s, 6H).  13C NMR (126 MHz, CDCl3) δ 177.10, 
159.53, 146.30, 129.33, 118.03, 112.10, 111.42, 55.16, 52.20, 46.50, 26.48.  IR (thin film): 2978, 2953, 2838, 1729, 
1601, 1584, 1490, 1466, 1434, 1263, 1149, 1050 cm-1.  Anal. Calcd. for C12H16O3: C, 69.21; H, 7.74; N, 0.00; found: 
C, 69.13; H, 7.78; N, <0.02. 
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CHAPTER 2. PALLADIUM-CATALYZED γ-ARYLATION OF α,β-UNSATURATED ESTERS 
2.1. INTRODUCTION.  Although many palladium complexes have been identified that catalyze the coupling of 
enolates of ketones, esters, amides, and aldehydes with haloarenes, the vinylogous coupling of dienolates of α,β-
unsaturated carbonyl compounds with haloarenes, (γ-arylation) has been less studied.1 γ-Aryl α,β-unsaturated 
carbonyl compounds are useful building blocks because they can be further functionalised at the carbonyl or olefinic 
positions.2-13  To develop a catalyst for the γ-arylation of α,β-unsaturated carbonyl compounds, one must address 
several issues, including the regioselectivity for forming products from α, β or γ arylation, the selectivity for 
monoarylation vs. diarylation, and the potential condensation of the reactive products. The selectivity for formation 
of products from α− or γ−arylation  versus β-arylation depends on whether an enolate complex forms by 
transmetalation with the arylpalladium halide intermediate, as occurs during α-arylation of carbonyl compounds, or 
whether an enolate complex forms by insertion of the α,β-unsaturated carbonyl compound into the metal-aryl bond, 
as occurs during a Heck reaction. The selectivity for products from α versus γ arylation likely depends on the 
stability and reactivity of the series of isomeric arylpalladium dienolate intermediates that result from 
transmetalation.  
Despite these obstacles, a few γ-arylations of α,β-unsaturated ketones and aldehydes have been reported. 
Terao et al. reported the palladium-catalyzed γ-arylation of unfuntionalized α,β-unsaturated aldehydes and 
ketones.14  Martin and Buchwald reported the γ-arylation of similar α-substituted α,β-unsaturated aldehydes.15  
Varseev and Maier later reported sequential γ-arylation and dehydrogenation for the synthesis of substituted 
tetralones.16  Finally, Hyde and Buchwald reported the γ-arylation of γ-substituted α,β- or β,γ-unsaturated ketones17 
and lactones18 with aryl chlorides and bromides in moderate to good yield.  Despite these advances, the coupling of 
enolates of α,β-unsaturated esters is poorly developed. The γ-arylation of acyclic esters has been limited to reactions 
of tin enolates in low to moderate yields.19  Moreover, the previous couplings of α,β-unsaturated ketones and 
aldehydes have required elevated temperatures and substrates containing substituents at either the α- or γ-position of 
the carbonyl compound for high yield.  
2.2 RESULTS AND DISCUSSION.  2.2.1 Palladium-catalyzed γ-arylation of alkali enoaltes of α,β-unsatured 
ester with bromobenzene.  Our studies of the coupling of haloarenes with the dienolates of α,β-unsaturated esters 
a Portions of this work are published.  Huang, D. S.; Hartwig, J. F. Angew. Chem., Int. Ed. 2010.  Early View 
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began with alkali metal dienolates of α,β-unsaturated esters.  The coupling of the lithium enolate of ethyl trans-2-
hexenoate and bromobenzene was studied with Pd(OAc)2 and various ligands known for α-arylation of carbonyl 
compounds (Table 1).  However, the γ-aryl-α,β-unsaturated ester 5 was not synthesized in significant yield under 
our reaction conditions.  One byproduct we observed during the reaction was the coupling between lithium 
bis(trimethyl)silylamide and bromobenzene.20  Because of the side reaction, we sought to develop reaction 
conditions with protected and masked dienolates of α,β-unsaturated esters. 
Table1.  γ-Arylation of lithium enolate of 4 with bromobenzene.[a] 
 
2.2.2 Palladium-catalyzed γ-arylation of α,β-unsatured ester with bromobenzene via silyl ketene acetals.  
2.2.2.1 Discovery of reactions conditions.  Since the reaction of bromobenzene with the alkali metal dienolate of 
ethyl trans-2-hexenoate did not form the γ-aryl-α,β-unsaturated esters in significant yield, we thus investigated 
reactions of silicon enolates of α,β-unsaturated esters. These studies were based on our prior work on the coupling 
of aryl halides with silyl enol ethers and silyl ketene acetals.21-28  Our initial studies on the coupling of silyl ketene 
acetals derived from α,β-unsaturated esters focused on the model palladium-catalyzed coupling of bromobenzene 
with the trimethylsilyl ketene acetal of methyl-2-hexenoate (6a). Most previous α-arylations of silyl ketene acetals 
or silyl enol ethers have been conducted with fluoride additives, such as ZnF2, CsF, MgF2, Bu3SnF, or CuF2. In 
contrast to these previous studies, the coupling of silyl ketene acetal 6a occurred without a fluoride additive. Instead, 
the reaction formed the γ-aryl E-product 7 in high yield in the presence of inexpensive zinc chloride as additive 
9 
 
(Table 2). Prior couplings of aryl halides with silicon enolates without fluoride additive have been limited to the α-
arylation and vinylation of silicon enolates in the presence of thallium acetate22,26 or to intramolecular α-
vinylations.27 
Table 2. Effects of the silyl group and zinc halides on the γ-arylation of silyl ketene acetals with bromobenzene [a] 
 
The effect of the silyl group and additive on the coupling of bromobenzene with the silyl ketene acetals of 
methyl hexenoate is summarized in Table 2. The γ-arylation product was formed in the highest yields with the 
triethylsilyl (TES) ketene acetal (6b) (Table 2, entry 3). The coupling between 6b and bromobenzene in the presence 
of ZnF2 occurred in low yield (Table 2, entry 4), perhaps due to the poor solubility of ZnF2 in THF. Reactions  of 6b 
with bromobenzene in the presence of ZnBr2 and ZnI2 (Table 2, entries 5 and 6) formed the γ-arylation  product 7 in 
lower yield than the same reaction in the presence of ZnCl2. The coupling between 6b and bromobenzene with 
catalytic amounts of ZnCl2 occurred in yields similar to those of reactions with stoichiometric ZnCl2, although the 
reaction was slower (Table 2, entry 7). Ester 2 was not formed from the reaction of 6b with bromobenzene in the 
absence of ZnCl2 (Table 2, entry 1). 
Several palladium catalyst systems for the coupling of silyl ketone acetal 6b with bromobenzene were also 
explored; ester 7 did not form in a detectable amounts from the coupling of 6b with bromobenzene in the presence 
of the catalyst system containing X-Phos, dppe, dppf, Xantphos, rac-BINAP, PCy3, or PPh3 as ligand. Ester 7 
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formed in the presence of Pd(dba)2 and Qphos, but the yield was lower than that from the reaction conducted with a 
catalyst containing PtBu3. 
2.2.2.2 Reaction Scope.  Along with aryl bromides, the coupling between 6b was studied with aryl chlorides and 
iodides.  The coupling of silyl ketene acetal 6b with chlorobenzene and iodobenzene was also attempted. The 
coupling product 7 was not detected from the reaction with chlorobenzene, and the γ-aryl α,β-unsaturated ester 7 
was formed in only 29% yield from the coupling of 6b with iodobenzene after 24 h. 
The scope of the γ-arylation with a variety of aryl bromides is shown in Table 3. γ-Aryl−α,β-unsaturated 
esters were obtained in high yields from reactions of both electron-rich and electron-poor aryl bromides. The 
reaction proceeded in high yield with aryl bromides containing a single ortho substituent (Table 3, entries 6 and 7); 
higher catalyst loadings were required for more sterically hindered aryl bromides (Table 3, entry 8), but the reaction 
of 2,6-dimethylbromobenzene occurred in high yield. The reaction tolerated functional groups that can be used after 
the coupling process, such as a chloro, nitro, cyano, acyl, or phenacyl group (Table 3, entries 21-25). The coupling 
also proceeded with aryl bromides containing acidic N-H groups (Table 3, entries 16, 17 and 30). 
A variety of heteroaryl bromides also coupled with silyl ketene acetal 6b; the coupling of 6b with 
bromothiophene, -pyridine, and –quinoline (Table 3, entries 27-29), and the coupling of 6b with 5-bromo indole 
containing an unprotected N-H bond (Table 3, entry 30) also occurred. The coupling of 6b with the BEt3 adduct of 
3-bromopyridine occurred faster and in comparable yields to the reactions of the free pyridine. The use of a borane 
to inhibit coordination of a pyridine to the catalyst and to promote carbon-halogen bond cleavage and subsequent 
reductive elimination has been reported previously for the amidation of aryl halides.29 
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Table 3. Aryl and vinyl bromide scope of the γ-arylation of 6b [a] 
 
The coupling as also occurred with vinyl bromides. γ-Vinyl−α,β-unsaturated esters were isolated in 
moderate yields from the reactions of 2-bromoindene and 1-bromo-2-methyl-1-propene (Table 3, entries 31-32). 
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The isolated complex Pd(PtBu3)2 and [PtBu3Pd(μ-Br)]2 were particularly active for the coupling of silyl ketene acetal 
6b with aryl bromides. For example, the coupling of 6b with bromobenzene proceeded in high yield in the presence 
of just 0.4% Pd(PtBu3)2 (Table 3, entry 2) or 0.2% [PtBu3Pd(μ-Br)]2 (Table 3, entry 3).  The coupling between silyl 
ketene acetal 6b and 10 mmol bromobenzene preformed in the presence of 0.2% [PtBu3Pd(μ-Br)]2; ester 7 gave the 
coupled product in 69% yield.  The coupling of the more sterically demanding substrates also proceeded with lower 
catalyst loadings of Pd(PtBu3)2 or [PtBu3Pd(μ-Br)]2 than of the combination of Pd(dba)2 and PtBu3 (Table 3, entries 9 
and 10). Thus, Pd(PtBu3)2 or [PtBu3Pd(μ-Br)]2 could used in place of Pd(dba)2 and PtBu3 in most cases when a 
single-component catalyst is preferred. 
Table 4. γ-Arylation of substituted silyl ketene acetals [a] 
 
The scope of the process with different silyl ketene acetals is shown in Table 4. The reaction tolerates 
substitution at the α, β, γ, or δ-positions of the acetal. Products from reactions of the silyl ketene acetal containing 
substituents at the α− or β- position were isolated as a mixture of diastereomers (Table 4, entries 1 and 2). The 
coupling of the silyl ketene acetal containing two substituents at the γ-position required increased catalyst loading, 
but occurred in 75% yield (Table 4, entry 3).  The reaction also tolerates substitution at the δ-position of the silyl 
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ketene acetal (Table 4, entry 4).  Under our reaction conditions, no product was observed from the γ-arylation of the 
silyl ketene acetals derived from α,β-unsaturated lactones. 
2.2.2.3 Potential Mechanisms. Potential mechanisms for the palladium-catalysed coupling of 6b with aryl bromides 
are shown in Scheme 4. Cycle A is analogous to the mechanism proposed for the palladium-catalyzed α-arylation of 
carbonyl compounds. In this cycle, the zinc chloride would facilitate the formation of the palladium dienolate 
complex (9 and 10), and reductive elimination from a palladium dienolate complex would generate the desired 
product. Reductive elimination from an η3-palladium dienolate complexes (9) has been reported by Kurosawa and 
coworkers,30 but transmetallation of a silyl ketene acetal or silyl enol ether with the palladium aryl halide complex 
induced by zinc chloride has not been studied. 
A second possible pathway involves migratory insertion of 6b into the aryl–palladium bond of 
arylpalladium bromide complex 8 to generate enolate intermediate 11 (Scheme 1 cycle B). β−Hydride elimination 
from 11 would then release the γ-aryl silyl ketene acetal (12) and palladium hydrido bromide (13) species. Complex 
13 would then undergo reductive elimination to close the catalytic cycle. This portion of the cycle mirrors the steps 
of a Heck reaction. The HBr generated from reductive elimination would then cleave the silyl group of 10 to form 
the observed product 7. 
Scheme 4.  Potential mechanisms for the coupling of 6b with bromobenzene. 
 
The coupling of γ,γ-disubstituted silyl ketene acetals supports a mechanism in which the C-C bond is 
formed by reductive elimination from the palladium dienolate complex, rather than migratory insertion of the alkene 
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unit into the aryl–palladium bond. The mechanism involving migratory insertion does not account for the formation 
of products containing a quaternary carbon γ to the carbonyl group (Table 4, entry 3). This product would not be 
generated by the mechanism involving migratory insertion and β-hydrogen elimination because the insertion product 
lacks a hydrogen in the β-position. 
2.2.2.4 Mechanistic Studies.  To understand the promoting effect of zinc chloride we studied reactions containing 
additives possessing Lewis acidic properties or chloride ions. To determine if the Lewis acidity of the zinc halide 
facilitates transmetallation of the enolate from silicon to palladium, we conducted the coupling of enolate 6b with 
bromobenzene in the presence of BF3·THF. The reaction with BF3·THF in place of ZnCl2 proceeded to full 
conversion albeit over a longer reaction time and in diminished yield (Table 5, entry 4). To assess whether the zinc 
chloride served as a source of halide,31 the coupling of enolate 6b with bromobenzene was performed in the 
presence of zinc triflate. 
Table 5. Effect of different additives for the coupling of 6b with bromobenzene [a] 
1
2
3
4
5[c]
ZnCl2
Zn(OTf)2
BF3.THF
N(ocyl)3MeCl
N(ocyl)3MeCl
100%
100%
100%
100%
100%
87%
95%
39%
83%
45%
Entry Additive Conversion[b] Yield[b]
OMe
OTES
PhBr
5% Pd(dba)2
5 %PtBu3
1.5 equiv Additive Ph CO2Me
Et
76b
1.3 equiv
+
[a] Reaction conditions: acetal (0.26 mmol), PhBr (0.20 mmol), additive
(0.30 mmol), Pd(dba)2 (0.010 mmol), PtBu3 (0.01 mmol), THF
(0.8 mL). [b] Conversions and yields were determined by GC analysis
with dodecane as an internal standard. [c] 0.75 equiv ZnCl2
Time
4 h
4 h
48 h
8 h
24 h
THF, RT, 4-24 h
 
This reaction occurred with a yield that was comparable to that from reaction of zinc chloride (Table 5. 
entry 2). Because the yield and reaction times for the coupling in the presence of zinc triflate were comparable to 
those of reactions in the presence of zinc chloride, we conclude that the ZnCl2 is not simply a source of halide; 
instead the Lewis acidic property likely helps labilize the halide on palladium.32 
At the same time, a bona fide source of halide without Lewis acid did promote the coupling process. The 
reaction of 6b with bromobenzene catalyzed by Pd(dba)2 and PtBu3 in the presence of methyltioctylammonium 
chloride occurred in high yield (Table 5, entry 4), although the rate was slower than that for reactions conducted 
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with zinc chloride. Because ammonium halides are not Lewis acidic, it appears that the γ-arylation process with the 
silyl enolates can be accelerated by either a Lewis acid or a Lewis base. The palladium-catalyzed coupling of 6b 
with bromobenzene in the presence of both the methyltriocylammonium chloride and zinc  chloride reqired long 
times and did not occur in high yield (Table 5, entry 5); thus, we conclude that the ammonium chloride and zinc 
chloride promote the coupling of silyl ketene acetal and bromobenzene through different mechanisms. 
To determine which portion of the catalytic cycle is affected by the zinc and ammonium additives, 
reactions of enolate 6b with an arylpalladium bromide complex that is closely related to the complexes that would 
be intermediates in the coupling process. Arylpalladium halide complexes of P(1-Ad)tBu2 are more easily isolated 
than those containing P(tBu)3 and the combination of Pd(dba)2 and P(1-Ad)tBu2 catalysed the formation of 7 in 86% 
yield. Thus, we studied complex 14 containing P(1-Ad)tBu2. The reaction of silyl ketene acetal 6b with complex 14 
was faster in the presence of zinc chloride than in the absence of any additive (Table 6 entry 1 and 2). When the 
reaction between 14 and 6b was performed in the presence of an excess of an aryl halide (with an aryl moiety that is 
different from that bound to palladium) to trap the Pd(0) product, the γ-arylation product 7 was formed in yields that 
were comparable to those of the catalytic reaction (Table 5, entry 3). Thus, the zinc halide accelerates the 
transmetallation between silicon and palladium.  We have not identified the role of tetraalkylammonium halides in 
the catalytic process. 
Table 6. Stoichiometric reactions between arylpalladium halide spcies with 6b [a] 
Br Pd
Ph
L
OMe
OTES
1 equiv L
5 equiv additive
THF Ph
Et
CO2Me
PdL2
6b
5 equiv
7
14
L = P(1-Ad)tBu2
+
1
2
3[c]
4
5
none
ZnCl2
ZnCl2
ZnBr2
N(ocyl)3MeCl
27%
65%
82%
68%
69%
Entry Additive Yield 2[b]
[a] Reaction conditions: 14 (0.030 mmol), 6b (0.13 mmol), additive
(0.15 mmol), THF (0.8 mL). [b] Yields were determined by GC analysis
with dodecane as an internal standard (average of two runs)
[c] Reaction preformed in the presense of 4 equiv 4-ClC6H4Br
Time
30 h
10 min
10 min
20 min
30 min
+
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2.3 CONCLUSION. In summary, we have developed the first palladium-catalysed coupling of aryl halides with 
acyclic α,β-unsaturated esters to form products from coupling at the γ-position. These reactions are conducted via 
silyl ketene acetals, and unlike many couplings of silicon enolates does not require a fluoride additive. These 
reactions occur at room temperature with low catalyst loadings, in high yield with aryl bromides containing a wide 
array of functional groups and with silyl ketene acetals containing substitution at the α,β,γ and δ-positions. The 
product is from reductive elimination from a palladium dienolate complex. Further studies are required to determine 
the precise mechanism for activation of silyl ketene acetal, but the formation of this dienolate complex is promoted 
the mildly acidic zinc chloride. Further studies on reactions of dienolates and efforts to develop stereoselective 
transformations of these species are in progress. 
2.4 EXPERIMENTAL 
General experimental methods.  Elemental Analyses were performed by Robertson Microlit Laboratories, Inc. 
(Madison, NJ) or at the University of Illinois School of Chemical Sciences Microanalysis Laboratory.  GC/MS 
analysis were performed on an Agilent 6890N GC equipped with a HP-5ms column (30m × 0.25 mm ID × 0.33 μm 
film)  All GC analyses were performed on an Agilent 6890 GC equipped with an HP-5 column (25 m × 0.20 mm ID 
× 0.33 μm film) and an FID detector.  The temperature program for the GC analyses was either of the following 
methods. 
Method A Temperature Program: Initial temperature 80 oC for 1.5 min, ramped from 80 oC to 300 oC at 100 
oC/min, hold at 300 oC for 3 min. 
Method B Temperature Program: Initial temperature 80 oC for 1.5 min, ramped from 80 oC to 300 oC at 100 
oC/min, hold at 300 oC for 6 min. 
All NMR spectroscopy was conducted at the University of Illinois School of Chemical Sciences VOICE NMR 
Laboratory using Varian 400 MHz and 500 MHz Unity and Inova instruments.  NMR spectra were processed using 
MestReNova 6.0 (Metrelab Research S.L).  Chemical shifts are reported in ppm and referenced to residual solvent 
peaks (CHCl3 in CDCl3: 7.26 ppm for 1H, 77 ppm for 13C) or external standard (CFCl3 = 0 for 19F and 85%).  
Coupling constants are reported in hertz. 
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Chromatography was conducted with Silicycle Silica-P Flash Silica Gel eluting with mixtures of pentane/acetone, 
hexanes/ethyl acetate, or hexanes/ethyl acetate/triethylamine.  TLC was performed with EMD Slica Gel 60 F254 (250 
μm layer thickness).  The product was visualized by UV light and staining with KMnO4. 
Reaction progress was monitored by GC and GC/MS with dodecane as the internal standard.  GC calibration 
curves comparing silyl ketene acetals, aryl bromides and product versus dodecane (Aldrich, anhydrous) were 
measured in triplicate using three calibration points. 
All starting materials were purchased from Aldrich and used without further purification unless noted.  α,β-
Unsaturated carboxylic acids and esters were purchased from Alfa Aesar.  4-Bromo-N-methylaniline was purchased 
from Oakwood Products.  2-Bromoindene was purchased from TCI America.  PtBu3 was purchased from Strem 
Chemicals Inc.  Triethylchlorosilane was purchased from Gelest Inc and purified by distillation under vacuum.  Zinc 
chloride was either dried using thionyl chloride or purchased from Aldrich (98%, reagent grade) and brought 
directly into a drybox for storage.  BF3·THF was purified by distillation under vacuum.  All reactions were 
performed using degassed and anhydrous solvent.  THF and toluene were degassed with argon and passed through a 
column of activated alumina (Solvent system from Innovative Technologies).  Anhydrous DMF was purchased from 
Fluka.  DMF was degassed with argon and used after the addition of activated 3 Å molecular sieves.  Morpholine 
was dried over CaH2, distilled into a Schlenk flask, and was degassed through the freeze-pump thaw cycles.  
Pd(dba)2,33 ethyl-3-ethyl-2-pentenoate,34 2(5H)-furanone,35 (PtBu3)Pd(Ph)Br,36 (1-Ad)PtBu2Pd(Ph)Br,36 and 
py2Pd(Ph)Cl37 were synthesized by literature procedures. 
Procedures for Synthesis of α,β-Unsaturated Esters 
General Condensation Conditions: (E)-Ethyl 4-methylpent-2-enoate. 4-Methyl 2-pentenoic acid (9.31 g, 81.6 
mmol) was diluted with 8.5 mL benzene and ethanol (200 proof, 22.0 mL, 370 mmol). Conc. sulfuric acid (0.7 mL, 
12.6 mmol) was added to the reaction flask.  The flask was equipped with a Dean-Stark trap filled with dried 3 Å 
MS.  The reaction was heated at reflux overnight.  The reaction was then cooled to room temperature.  The reaction 
was diluted with 300 ml Et2O and washed 3 times with saturated sodium bicarbonate and once with brine.  The 
resulting organic solution was dried with anhydrous magnesium sulfate and filtered through Celite.  The resonances 
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in the 1H NMR spectrum of the crude ester matched the reported chemical shifts.38  The crude ester was used 
without further purification (10.6 g crude material). 
(E)-Ethyl 2-methylpent-2-enoate: (E)-ethyl 2-methylpent-2-enoate was synthesized from 2-methyl-2-pentenoic 
acid (9.94 g, 87.0 mmol) using the general condensation procedure.  The resonances in the 1H NMR spectrum of the 
crude ester matched reported chemical shifts.39  The crude ester was used without further purification (8.72 g crude 
ester). 
Ethyl 5-methyl-trans-2-hexenoate.  Ethyl 5-methyl-trans-2-hexenoate was synthesized by the Roush-Masamune 
modification of the Horner-Wadsworth-Emmons reaction.40  To a suspension of LiCl (1.90 g, 43.9 mmol) in 440 mL 
anhydrous acetonitrile was added triethyl phosphonoacetate (8.70 mL, 43.9 g), DBU (5.50 ml, 36.6 mmol), and 
isobutyraldehyde (3.93 mL, 36.6 mmol).  The reaction was stirred for 2.5 h.  The reaction was then diluted with 100 
mL Et2O.  200 mL of 5% HCl was then added to the solution.  The aqueous phase was washed twice with 100 mL 
aliquots of Et2O.  The organic layer was dried with anhydrous magnesium sulfate and filtered through a Celite plug.  
Volatile materials were removed by rotary evaporator.  The crude material was purified by silica gel flash 
chromatography eluting with 5% Et2O in hexanes.  Pure trans-isomer (4.55 g, 29.2 mmol, 80% yield) was isolated.  
The resonances in the 1H NMR spectrum of the ester matched previously reported chemical shifts.41 
Procedures for Synthesis of Silyl Ketene Acetals 
[1-Methyloxy-1,3-hexadienyloxy]trimethylsilane (6a).  In a drybox under an argon atmosphere, potassium 
bis(trimethylsilyl) amide (8.50 g, 42.8 mmol), followed by 60 mL of THF, was added to an oven-dried flask.  The 
flask was capped with a rubber septum and removed from the drybox.  The flask was immersed in a dry ice/acetone 
bath and cooled to –78 oC.  A solution of methyl trans-2-hexenoate (6.00 mL, 42.8 mmol) in 33 mL of THF was 
added over 50 min via syringe.  The resulting solution was stirred at –78 oC for 1 h 50 min.  Chlorotrimethylsilane 
(5.40 mL, 42.8 mmol) was added via syringe over 10 min.  The flask was removed from the dry ice/acetone bath and 
immersed in an ice/water bath.  The reaction was stirred at 0 oC for 30 min.  The solution was warmed to room 
temperature and filtered through a plug of Celite.  The plug was washed 3× with hexanes.  Volatile materials were 
removed by rotary evaporator.  Purification by short path distillation yielded the silyl ketene acetal in approximately 
90% purity based on 1H NMR spectroscopy (4.52 g, 20.3 mmol after correcting for purity, 47.4% yield) as a clear, 
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colorless oil. bp: 70oC, 10 mTorr.  The resonances in the 1H NMR spectrum of the silyl ketene acetal matched 
previously reported chemical shifts.42  The distilled silyl ketene acetal was used without further purification. 
 
Triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b).  To a solution of potassium bis(trimethylsilyl) amide (4.23 
g, 21.4 mmol) in 85 mL of THF at –78 oC was added methyl trans-2-hexenoate (3.00 mL, 21.4 mmol) over 15 min.  
The reaction was stirred at -78 oC for 1 h.  Chlorotriethylsilane (3.59 mL, 21.4 mmol) was then added to the 
reaction, and the reaction was warmed to 0 oC and stirred for an additional 20 min.  The reaction mixture was 
concentrated under vacuum.  The organic product was extracted with hexanes, and the resulting solution was filtered 
through a pad of Celite.  Volatile materials were removed by rotary evaporator.  Fractional distillation through a 
microdistillation head containing a 9 cm Vigreux column gave the corresponding silyl ketene acetal approximately 
86% purity based on 1H NMR spectroscopy as a clear, colorless oil (2.29 g, 8.11 mmol after correcting for purity, 
37.8% yield). bp: 54 oC, 20 mTorr.  The distilled silyl ketene acetal was used without further purification. 
OMe
OSiEt3
 
1H NMR (500 MHz, CDCl3) δ 6.12 (ddd, J = 10.8, 6.2, 1.5 Hz, 1H), 5.02 (dt, J = 10.4, 7.2 Hz, 1H), 4.50 (d, J = 
10.8 Hz, 1H), 3.59 (s, 3H), 2.15 – 1.99 (m, 2H), 1.06 – 0.92 (m, 12H), 0.69 (q, J = 7.9 Hz, 6H).  13C NMR (126 
MHz, CDCl3) δ 158.49, 124.44, 122.64, 74.85, 54.71, 21.05, 14.37, 6.55, 5.23. 
 
(1Z,3Z)-[1-Methyloxy-1,3-hexadienyloxy]tert-butyldimethylsilane (6c).  To an oven-dried, three-neck flask 
was added potassium bis(trimethylsilyl) amide (2.85 g, 14.3 mmol) in a drybox under an argon atmosphere.  The 
flask was sealed with three rubber septa and removed from the Drybox. One septum was pierced with a needle 
attached to a nitrogen line.  An addition funnel was then attached.  To the three-neck flask was added 20 mL of THF 
by syringe.  Trans-2-hexenoate (2.00 mL, 14.3 mmol), followed by 11 mL of THF, was added to the addition funnel 
by syringe  The flask was immersed in a dry ice/acetone bath, and the solution was cooled to –78 oC.  The solution 
of ester was added slowly over 20 min.  The solution was stirred at –78 oC for 1 h.  A solution of tert-
butylchlorodimethylsilane (TBSCl) (2.15 g, 14.3 mmol) dissolved in 14 mL of THF was transferred to the addition 
funnel via cannula.  The solution of TBSCl was added over 5 min.  The dry ice/acetone bath was replaced with an 
ice/water bath, and the reaction was stirred for 15 min.  The solution was warmed to rt and stirred an additional 45 
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min.  The solution was filtered through a plug of Celite; the plug was washed 3 times with hexanes.  Volatile 
materials were removed by rotary evaporator.  Kugelrohr distillation gave the corresponding silyl ketene acetal in 
approximately 84% purity based on 1H NMR spectroscopy as a clear, colorless oil (2.26 g 7.85 mmol after 
correcting for purity, 54.9% yield). bp: 114 oC, 500 mTorr.  The resonances in the 1H and 13C NMR spectra of the 
silyl ketene acetal matched previously reported chemical shifts.43  The distilled silyl ketene acetal was used without 
further purification. 
 
(1-Ethoxybuta-1,3-dienyloxy)triethylsilane.  To a solution of potassium bis(trimethylsilyl) amide (10.7 g, 53.6 
mmol) in 250 THF at –78 oC was added ethyl-crotonate (6.69 mL, 53.6 mmol) over 45 min. The reaction was stirred 
at –78 oC for 1 h.  Chlorotriethylsilane (9.00 mL. 53.6 mmol) was added via syringe over 2-3 min.  The solution was 
warmed to 0 oC and stirred for 30 min.  The reaction was filtered through a plug of Celite.  The plug was washed 3× 
with hexanes.  Volatile materials were removed by rotary evaporator.  Fractional distillation through a micro 
distillation head containing a 9 cm Vigreux column gave the silyl ketene acetals in approximately 73% purity based 
on 1H NMR spectroscopy as a clear,  colorless oil (5.74 g, 18.3 mmol after correcting for purity, 34.4% yield). bp: 
55 oC, 18 mTorr.  The distilled silyl ketene acetal was used without further purification. 
OEt
OSiEt3
 
1H NMR (500 MHz, CDCl3) δ 6.55 (dt, J = 17.2, 10.4 Hz, 1H), 4.81 (dd, J = 17.2, 2.0 Hz, 1H), 4.57 (dd, J = 10.4, 
2.1 Hz, 1H), 4.42 (d, J = 10.4 Hz, 1H), 3.80 (q, J = 7.0 Hz, 2H), 1.30 (t, J = 7.0 Hz, 3H), 0.98 (t, J = 7.9 Hz, 9H), 
0.70 (q, J = 7.9 Hz, 6H).  13C NMR (126 MHz, CDCl3) δ 157.73, 132.65, 106.08, 80.08, 63.26, 14.37, 6.57, 5.29. 
 
General Procedure for the Synthesis of Silyl Ketene Acetals. (1-Ethoxy-2-methylpenta-1,3-
dienyloxy)triethylsilane. To a solution of potassium bis(trimethylsilyl) amide (4.90 g, 24.6 mmol) in 98 mL of THF 
at room temperature was added (E)-ethyl 2-methylpent-2-enoate (3.50 g, 24.6 mmol) over 15 min.  The reaction was 
stirred for 15 min.  Chlorotriethylsilane (4.13 mL, 24.6 mmol) was then added to the reaction and the reaction was 
stirred for an additional 1.5 h.  The crude reaction mixture was concentrated under vacuum.  The organic product 
were extracted with hexanes and filtered through a pad of Celite.  Volatile materials were removed by rotary 
evaporator.  Fractional distillation through a micro distillation head containing a 9 cm Vigreux column gave the 
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corresponding silyl ketene acetal as a roughly 1:1 mixture of isomers in approximately 72% purity based on 1H 
NMR spectroscopy as a clear, colorless oil (3.28 g, 9.2 mmol after correcting for purity, 37% yield). bp: 65 oC, 45 
mTorr .  The distilled silyl ketene acetal was used without further purification. 
OEt
OSiEt3
 
1H NMR (500 MHz, CDCl3) δ 6.47 – 6.33 (m, 1H), 5.40 – 5.23 (m, 1H), 3.89 – 3.73 (m, 2H), 1.81 – 1.72 (m, 3H), 
1.68 – 1.59 (m, 3H), 1.31 – 1.20 (m, 3H), 1.08 – 0.93 (m, 9H), 0.80 – 0.65 (m, 6H).  13C NMR (126 MHz, CDCl3) δ 
150.73, 150.36, 128.88, 128.60, 119.56, 119.02, 97.26, 96.77, 65.61, 65.07, 18.68, 18.60, 14.84, 14.80, 11.47, 11.03, 
6.57, 6.44, 4.96, 4.91. 
 
(1-Ethoxy-3-ethylpenta-1,3-dienyloxy)triethylsilane. 1-ethoxy-3-ethylpenta-1,3-dienyloxy)triethyl-silane was 
synthesized using the General Procedure for the Synthesis of Silyl Ketene Acetals from ethyl-3-ethyl-2-pentenoate 
(3.40 g, 21.7 mmol). Fractional distillation through a micro distillation head containing a 9 cm Vigreux column gave 
the corresponding silyl ketene acetal as a roughly 3:1 mixture of isomers in approximately 88% purity based on 1H 
NMR spectroscopy as a clear, colorless oil (2.95 g, 9.60 mmol after correcting for purity, 44% yield). bp: 62 oC, 17 
mTorr.  The distilled silyl ketene acetal was used without further purification. 
OEt
OSiEt3
 
Major isomer: 1H NMR (500 MHz, CDCl3) δ 5.02 (ddd, J = 6.7, 1.9, 1.0 Hz, 1H), 4.21 (s, 1H), 3.83 (q, J = 7.0 
Hz, 2H), 2.33 – 2.23 (m, 2H), 1.62 – 1.56 (m, 3H), 1.37 – 1.25 (m, 3H), 1.05 – 0.92 (m, 12H), 0.76 – 0.64 (m, 6H). 
Minor Isomer: 1H NMR (500 MHz, CDCl3) δ 5.34 (q, J = 6.9 Hz, 1H), 4.05 (s, 1H), 3.76 (q, J = 7.0 Hz, 2H), 2.33 
– 2.23 (m, 3H), 1.65 (d, J = 6.9 Hz, 3H), 1.37 – 1.25 (m, 3H), 1.05 – 0.92 (m, 12H), 0.76 – 0.64 (m, 6H). 
Major and Minor Isomers: 13C NMR (126 MHz, CDCl3) δ 155.43, 154.66, 138.01, 137.81, 116.18, 115.53, 80.35, 
74.66, 63.42, 63.29, 29.88, 22.70, 14.61, 14.47, 13.90, 13.77, 13.06, 6.64, 5.49. 
 
(1-Ethoxy-4-methylpenta-1,3-dienyloxy)triethylsilane.  (1-ethoxy-4-methylpenta-1,3-dienyloxy)-triethylsilane 
was synthesized using the General Procedure for the Synthesis of Silyl Ketene Acetals from (E)-ethyl 4-methylpent-
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2-enoate (4.00 g, 28.1 mmol).  Fractional distillation through a micro distillation head containing a 9 cm Vigreux 
column gave 3.59 g the corresponding silyl ketene acetal as a mixture of isomers in approximately 88% purity based 
on 1H NMR spectroscopy as a clear, colorless oil (3.59 g, 12.3 mmol after correcting for purity, 44% yield). bp: 57 
oC, 9 mTorr.  The distilled silyl ketene acetal was used without further purification. 
OEt
OSiEt3
 
1H NMR (500 MHz, CDCl3) δ 5.93 (ddt, J = 10.6, 2.7, 1.4 Hz, 1H), 4.36 (d, J = 10.6 Hz, 1H), 3.80 (q, J = 7.0 Hz, 
2H), 1.75 (d, J = 0.6 Hz, 3H), 1.66 – 1.61 (m, 3H), 1.30 (t, J = 7.0 Hz, 3H), 0.98 (t, J = 7.9 Hz, 9H), 0.70 (q, J = 7.9 
Hz, 6H).  13C NMR (126 MHz, CDCl3) δ 156.24, 124.66, 119.27, 76.19, 63.13, 26.03, 18.13, 14.43, 6.62, 5.34. 
 
(1-Ethoxy-5-methylhexa-1,3-dienyloxy)triethylsilane. (1-ethoxy-5-methylhexa-1,3-dienyloxy)triethylsilane was 
synthesized using the General Procedure for the Synthesis of Silyl Ketene Acetals from ethyl 5-methyl-trans-2-
hexenoate (3.50 g, 22.4 mmol). Fractional distillation through a micro distillation head containing a 9 cm Vigreux 
column gave the corresponding silyl ketene acetal as a roughly 2:1 mixture of isomers in approximately 90% purity 
based on 1H NMR spectroscopy as a clear, colorless oil (2.82 g, 9.38 mmol after correcting for purity, 41.9% yield). 
bp: 65 oC, 45 mTorr.  The distilled silyl ketene acetal was used without further purification. 
OEt
OSiEt3
 
Major Isomer: 1H NMR (500 MHz, CDCl3) δ 6.05 (td, J = 10.9, 1.1 Hz, 1H), 4.85 (ddd, J = 10.8, 9.1, 0.9 Hz, 1H), 
4.47 (d, J = 10.9 Hz, 1H), 3.82 (q, J = 7.0 Hz, 2H), 2.63 – 2.50 (m, 1H), 1.29 (dt, J = 11.6, 7.0 Hz, 3H), 1.04 – 0.91 
(m, 15H), 0.75 – 0.62 (m, 6H). 
Minor Isomer: 1H NMR (500 MHz, CDCl3) δ 6.15 (ddd, J = 15.5, 10.2, 1.3 Hz, 1H), 5.28 (dd, J = 15.6, 6.7 Hz, 
1H), 4.33 (d, J = 10.2 Hz, 1H), 3.76 (q, J = 7.0 Hz, 2H), 2.29 (ddd, J = 13.5, 6.7, 1.3 Hz, 1H), 1.29 (dt, J = 11.6, 7.0 
Hz, 3H), 1.04 – 0.91 (m, 15H), 0.75 – 0.62 (m, 6H). 
Major and Minor Isomers 13C NMR (126 MHz, CDCl3) δ 157.39, 156.36, 131.38, 130.16, 122.19, 121.20, 79.19, 
75.31, 63.20, 63.10, 31.32, 27.03, 23.25, 22.91, 14.40, 6.61, 5.34. 
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Triethyl(furan-2-yloxy)silane.  Triethyl(furan-2-yloxy)silane was synthesized by literature procedures to give 
2.78 g of product (14.0 mmol, 28% yield).44 
O
OSiEt3
 
1H NMR (499 MHz, CDCl3) δ 6.81 (dd, J = 2.2, 1.1 Hz, 1H), 6.20 (dd, J = 3.1, 2.3 Hz, 1H), 5.10 (dd, J = 3.1, 1.1 
Hz, 1H), 1.00 (t, J = 7.9 Hz, 9H), 0.76 (q, J = 7.9 Hz, 6H).  13C NMR (126 MHz, CDCl3) δ 156.87, 132.13, 111.01, 
83.17, 6.29, 4.59. 
 
(2H-Pyran-6-yloxy)triethylsilane.  To a solution of potassium bis(trimethylsilyl) amide (3.46 g, 17.3 mmol) in 
69 mL of THF at –78 oC was added 5,6-dihydro-2H-pyran-2-one (1.66 mL 90% technical grade, 17.3 mmol) over 
18 min. The reaction was stirred at –78 oC for 1 h.  Chlorotriethylsilane (2.91 mL. 17.3 mmol) was added via 
syringe over 2-3 min.  The solution was warmed to 0 oC and stirred for 30 min.  The reaction was filtered through a 
plug of Celite.  The plug was washed 3× with hexanes.  Volatile materials were removed by rotary evaporator.  
Short path distillation gave the corresponding silyl ketene acetal in approximately 91% purity based on 1H NMR 
spectroscopy as a clear, colorless oil (2.07 g, 8.9 mmol after correcting for purity, 51.0% yield). bp: 39 oC, 20 
mTorr.  The distilled silyl ketene acetal was used without further purification. 
O
OSiEt3
 
1H NMR (500 MHz, CDCl3) δ 7.66 – 7.44 (m, 1H), 6.55 (t, J = 11.3 Hz, 1H), 5.70 (dd, J = 11.4, 0.6 Hz, 1H), 5.61 
– 5.38 (m, 2H), 0.99 (t, J = 7.9 Hz, 9H), 0.80 (td, J = 8.3, 0.8 Hz, 6H). 13C NMR (126 MHz, CDCl3) δ 166.21, 
144.84, 132.96, 125.72, 120.28, 6.49, 4.54. 
Procedures for the Direct Arylation of Esters with Bromobenzene..  Inside and argon drybox, ethyl-trans-2-
hexnenoate (790 mg, 5.56 mmol), bromobenzene (788mg, 5.02 mmol), and dodecane (0.147 mL) were diluted with 
4.42 mL toluene.  To a 1 dram vial was added PtBu3 (1.9mg, 0.0094mmol), Pd(OAc)2 (2.1 mg, 0.0094 mmol), and 
lithium bis(trimethylsilyl)amide (69mg, 0.41 mmol was diluted with 0.5 mL toluene.  A Teflon coated stirbar was 
added.  The vial was closed with a PTFE/Silicone septum lined cap and removed from the drybox.  The vial was 
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cooled to –34 oC.  0.15mL of the ethyl-trans-2-hexnenoate, bromobenzene, and dodecane stock solution was as the 
vial.  The reaction was warmed to room temperature and monitored by GC spectroscopy. 
 
Procedures for  γ-Arylation of Silyl Ketene Acetals  of α,β-Unsaturated Esters 
General procedure for evaluating conditions for reactions catalyzed by Pd(dba)2. Inside a drybox under an 
argon or nitrogen atomosphere, were weighed ligand (0.001 mmol), bromobenzene (31.4 mg, 0.20 mmol), 
triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (72.7 mg of a sample of 86% purity, 1.3 mmol), 10-15 mg of 
dodecane as internal standard (0.300 mmol) and Pd(dba)2 (5.8 mg, 0.0010 mmol) into a 1 dram vial.  A Teflon-
coated stirbar was added, followed by 0.80 mL of solvent.  The vial was closed with a PTFE/Silicone septum lined 
cap and removed from the drybox.  The reaction was stirred at room temperature and monitored by GC analysis.   
Experiments to evaluate conditions for reactions catalyzed by Pd(PtBu3)2. Inside a drybox under an argon or 
nitrogen atmosphere, were weighed Pd(PtBu3)2 (5.1 mg, 0.0010 mmol), bromobenzene (31.4 mg, 0.200 mmol), 
triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (72.7 mg of a sample of 86% purity, 0.26 mmol), and 10-15 mg 
dodecane as an internal standard (0.300 mmol) to a 1 dram vial.  A Teflon coated stirbar was added, followed by 
0.80 mL of solvent.  The vial was closed with a PTFE/Silicone septum lined cap and removed from the drybox.  The 
reaction was stirred at room temperature and monitored by GC. 
General Coupling Procedure A for γ-Coupling of Silyl Ketene Acetals Catalyzed by PtBu3 and Pd(dba)2 on 
a 1 mmol scale.  Inside a drybox under either an argon or nitrogen atmosphere was weighed PtBu3 (2.0 mg, 0.010 
mmol) in a 1 dram vial. Bromobenzene (157 mg, 1.00 mmol) was added followed by triethyl(1-methoxyhexa-1,3-
dienyloxy)silane (6b) (346 mg of a sample of 86% purity, 1.30-1.35 equiv after correcting for purity).  Zinc chloride 
(204 mg, 1.50 mmol) was added, followed by Pd(dba)2 (5.8 mg, 0.010 mmol).  A Teflon-coated stirbar was added, 
followed by 2.0 mL of THF.  The vial was closed with a PTFE/Silicone septum lined cap and removed from the 
drybox.  The reaction was stirred at RT until GC analysis showed full consumption of aryl bromide.  After this time, 
the reaction was diluted with 30 mL ethyl acetate (EtOAc) and washed 3x with a saturated NaHCO3 solution.  An 
additional 10 mL of EtOAc was added to the combined aqueous washes for back-extraction.  The combined organic 
solutions were washed once with brine and dried with anhydrous MgSO4.  The suspension was filtered through a 
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plug of Celite.  Volatile materials were removed by rotary evaporator.  The crude mixture was purified by silica gel 
flash chromatography or with a chromatotron.   
General Coupling Procedure B for γ-Coupling of Silyl Ketene Acetals Catalyzed by Pd(PtBu3)2 on a 1 mmol 
scale.  Inside an argon atmosphere was weighed Pd(PtBu3)2 (2.0 mg, 0.0040 mmol) in a 1 dram vial. Bromobenzene 
(157 mg, 1.00 mmol), followed by triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (346 mg of a sample of 86% 
purity, 1.3 mmol), was added to the 1 dram vial.  Zinc chloride (204 mg, 1.50 mmol) was added.  A Teflon-coated 
stirbar was added, followed by 2 mL of THF.  The vial was closed with a PTFE/Silicone septum lined cap and 
removed from the drybox.  The reaction was stirred at RT until GC analysis showed that full consumption of the aryl 
bromide had occurred.  Upon completion, the reaction was diluted with 30 mL of ethyl acetate (EtOAc) and washed 
3× with a saturated NaHCO3 solution.  An additional 10 mL of EtOAc was added to the combined aqueous washes 
for back-extraction.  The combined organic solutions were washed once with brine and dried with anhydrous 
MgSO4.  The suspension was filtered through a plug of Celite.  Volatile materials were removed by rotary 
evaporator.  The crude mixture was purified by silica gel flash chromatography. 
General Coupling Procedure C for γ-Coupling of Silyl Ketene Acetals Catalyzed by [PtBu3Pd(μ-Br)]2 on a 1 
mmol scale.  Inside an argon atmosphere was weighed [PtBu3Pd(μ-Br)]2 (1.5 mg, 0.0020 mmol) in a 1 dram vial. 
Bromobenzene (157 mg, 1.00 mmol), followed by triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (346 mg of a 
sample of 86% purity, 1.3 mmol), was added to the 1 dram vial.  Zinc chloride (204 mg, 1.50 mmol) was added.  A 
Teflon-coated stirbar was added, followed by 2 mL of THF.  The vial was closed with a PTFE/Silicone septum lined 
cap and removed from the drybox.  The reaction was stirred at RT until GC analysis showed that full consumption 
of the aryl bromide had occurred.  Upon completion, the reaction was diluted with 30 mL of ethyl acetate (EtOAc) 
and washed 3× with a saturated NaHCO3 solution.  An additional 10 mL of EtOAc was added to the combined 
aqueous washes for back-extraction.  The combined organic solutions were washed once with brine and dried with 
anhydrous MgSO4.  The suspension was filtered through a plug of Celite.  Volatile materials were removed by 
rotary evaporator.  The crude mixture was purified by silica gel flash chromatography. 
 
(E)-Methyl-4-phenyl-hex-2-enoate (7) (Table 3, entries 1-3).  The reaction was run following the General 
Coupling Procedure A and General Coupling Procedure B with bromobenzene (157 mg, 1.00 mmol).  Flash 
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chromatography eluting with 98:2 pentane:acetone gave 172 mg of the product (84% yield) by General Coupling 
Method A, 153 mg of the product (75% yield) by General Coupling Procedure B, and 161 mg of the product (79% 
yield) by General Coupling Procedure C. 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 7.34 – 7.28 (m, 2H), 7.25 – 7.20 (m, 1H), 7.17 (dd, J = 5.2, 3.3 Hz, 2H), 7.08 (dd, J 
= 15.7, 7.9 Hz, 1H), 5.80 (dd, J = 15.7, 1.2 Hz, 1H), 3.71 (s, 3H), 3.34 – 3.24 (m, 1H), 1.89 – 1.71 (m, 2H), 0.88 (t, J 
= 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.07, 152.02, 142.05, 128.63, 127.72, 126.70, 120.34, 51.45, 
50.26, 27.90, 12.08.  Anal. Calcd. for C13H16O2: C, 76.44; H, 7.90; N, 0.00; found: C, 77.22; H, 8.25; N, <0.02% 
 
 (E)-Methyl-4-(4-tert-butylphenyl)hex-2-enoate (Table 3, entry 4).  The reaction was run following General 
Coupling Procedure A with 4-tert-butyl-bromobenzene (213 mg, 1.00 mmol).  Flash chromatography eluting with 
98:2 pentane:acetone gave 226 mg of the product (87% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 7.37 – 7.29 (m, 2H), 7.12 – 7.09 (m, 2H), 7.06 (dd, J = 15.6, 8.1 Hz, 1H), 5.80 (dd, 
J = 15.6, 1.2 Hz, 1H), 3.71 (s, 3H), 3.32 – 3.21 (m, 1H), 1.87 – 1.72 (m, 2H), 1.30 (s, 9H), 0.89 (t, J = 7.4 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 167.14, 152.29, 149.50, 138.97, 127.30, 125.50, 120.16, 51.42, 49.80, 34.39, 31.34, 
27.86, 12.16.  Anal. Calcd. for C17H24O2: C, 78.42; H, 9.29; N, 0.00; found: C, .78.18; H, 9.54; N, <0.02%. 
 
(E)-Methyl-4-(3,5-dimethylphenyl)hex-2-enoate  (Table 3, entry 5).  The reaction was run following General 
Coupling Procedure A with 1-bromo-3,5-dimethylbenzene (185 mg, 1.00 mmol).  Flash chromatography eluting 
with 98:2 pentane:acetone gave 196 mg of the product (84% yield). 
CO2Me
Et  
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1H NMR (500 MHz, CDCl3) δ 7.06 (dd, J = 15.6, 8.1 Hz, 1H), 6.86 (s, 1H), 6.78 (s, 2H), 5.80 (dd, J = 15.6, 1.2 
Hz, 1H), 3.71 (s, 3H), 3.25 – 3.17 (m, 1H), 2.29 (s, 6H), 1.86 – 1.70 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).  13C NMR 
(126 MHz, CDCl3) δ 167.18, 152.33, 142.03, 138.11, 128.36, 125.48, 120.14, 51.44, 50.25, 27.90, 21.32, 12.17.  
Anal. Calcd. for C15H20O2: C, 77.55; H, 8.68; N, 0.00; found: C, .77.33; H, 8.42; N, <0.02% 
 
(E)-Methyl-4-(2-methylphenyl)hex-2-enoate (Table 3, entry 6).  The reaction was run following General 
Coupling Procedure A with 2-bromomethylbenzene (171 mg, 1.00 mmol).  Flash chromatography eluting with 98:2 
pentane:acetone gave 163 mg of the product (75% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 8.13 – 7.07 (m, 4H), 7.04 (dd, J = 15.7, 7.6 Hz, 1H), 5.74 (dd, J = 15.7, 1.3 Hz, 
1H), 3.70 (s, 3H), 3.60 – 3.52 (m, 1H), 2.31 (s, 3H), 1.93 – 1.71 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H).  13C NMR (126 
MHz, CDCl3) δ 167.13, 151.82, 140.06, 136.03, 130.52, 126.52, 126.42, 126.38, 120.24, 51.44, 45.32, 27.42, 19.64, 
12.14.  Anal. Calcd. for C14H18O2: C, 77.03; H, 8.31; N, 0.00; found: C, .76.84; H, 8.22; N, <0.02% 
 
E)-Methyl-4-(2-biphenyl)hex-2-enoate (Table 3, entry 7).  The reaction was run following General Coupling 
Procedure A with 2-bromobiphenyl (233 mg, 1.00 mmol).  Flash chromatography, eluting with 98:2 
pentane:acetone, gave 202 mg of the product (72% yield). 
CO2Me
Et
Ph
 
1H NMR (500 MHz, CDCl3) δ 7.45 – 7.33 (m, 4H), 7.31 – 7.18 (m, 5H), 7.07 (dd, J = 15.7, 7.2 Hz, 1H), 5.60 (dd, 
J = 15.7, 1.2 Hz, 1H), 3.71 (s, 3H), 3.53 – 3.42 (m, 1H), 1.82 – 1.65 (m, 2H), 0.72 (t, J = 7.4 Hz, 3H). 13C NMR 
(126 MHz, CDCl3) δ 167.21, 152.73, 142.48, 141.37, 139.34, 130.13, 129.27, 128.08, 127.85,126.99, 126.97, 
126.16, 120.16, 51.46, 45.21, 28.42, 11.93 Anal. Calcd. for C19H20O2: C, 81.40; H, 7.19; N, 0.00; found: C, .81.40; 
H, 6.92; N, <0.02% 
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(E)-Methyl-4-(1,3-dimethylphenyl)hex-2-enoate (Table 3, entries 7-10).  The reaction was run following 
General Coupling Procedure A with PtBu3 (10.1 mg, 0.0500 mmol), 2-bromo-1,3-diemthylbenzene (171 mg, 1.00 
mmol), and Pd(dba)2 (29 mg, 0.050 mmol).  Flash chromatography eluting with 98:2 pentane:acetone gave 229 mg 
of the product (99% yield).  The reaction was also run following General Coupling Procedure B with Pd(PtBu3)2 
(10.2 mg, 0.0200 mmol) and 2-bromo-1,3-diemthylbenzene (171 mg, 1.00 mmol).  Flash chromatography eluting 
with 98:2 pentane:acetone gave 163 mg of the product (70% yield).  The reaction was also run following General 
Coupling Procedure C with [PtBu3Pd(μ-Br)]2 (7.7 mg, 0.0100 mmol) and 2-bromo-1,3-diemthylbenzene (171 mg, 
1.00 mmol).  Flash chromatography eluting with 98:2 pentane:acetone gave 230 mg of the product (99% yield).   
CO2Me
Et   
1H NMR (500 MHz, CDCl3) δ 7.26 (dd, J = 15.9, 4.8 Hz, 1H), 7.07 – 6.95 (m, 3H), 5.68 (dd, J = 15.9, 2.3 Hz, 
1H), 3.92 – 3.83 (m, 1H), 3.71 (s, 3H), 2.29 (s, 6H), 2.06 – 1.94 (m, 1H), 1.94 – 1.82 (m, 1H), 0.90 (t, J = 7.4 Hz, 
3H). 13C NMR (126 MHz, CDCl3) δ 167.27, 151.91, 138.34, 136.65, 128.92, 126.46, 119.95, 51.42,44.54, 25.46, 
21.58, 12.61 Anal. Calcd. for C15H20O2: C, 77.55; H, 8.68; N, 0.00; found: C, .77.30; H, 8.68; N, <0.02% 
 
(E)-Methyl-4-(1-naphtyl)hex-2-enoate  (Table 3, entry 11).  The reaction was run following General Coupling 
Procedure A with 1-bromonaphthalene (207 mg, 1.00 mmol).  Flash chromatography eluting with 98:2 
pentane:acetone gave 221 mg the product (87% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 8.04 (d, J = 8.2 Hz, 1H), 7.90 – 7.85 (m, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.55 – 7.46 
(m, 2H), 7.45 (d, J = 8.1 Hz, 1H), 7.37 (d, J = 7.2 Hz, 1H), 7.22 (dd, J = 15.7, 7.3 Hz, 1H), 5.84 (dd, J = 15.7, 1.3 
Hz, 1H), 4.22 – 4.12 (m, 1H), 3.70 (s, 3H), 2.01 (p, J = 7.3 Hz, 2H), 0.98 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, 
CDCl3) δ 167.08, 151.76, 138.08, 134.02, 131.61, 129.02, 127.31, 126.05, 125.53, 125.51, 124.39, 123.04, 120.82, 
51.46, 44.57, 27.62, 12.34.  Anal. Calcd. for C17H18O2: C, 80.28; H, 7.13; N, 0.00; found: C, .79.99; H, 7.01; N, 
<0.02% 
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(E)-Methyl-4-(2-napthyl)hex-2-enoate  (Table 3, entry 12).  The reaction was run following General Coupling 
Procedure A with 2-bromonapthalene (207 mg, 1.00 mmol).  Flash chromatography eluting with 98:2 
pentane:acetone gave 216 mg of the product (85% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 7.85 – 7.76 (m, 3H), 7.62 (s, 1H), 7.50 – 7.41 (m, 2H), 7.31 (dd, J = 8.5, 1.7 Hz, 
1H), 7.17 (dd, J = 15.7, 7.7 Hz, 1H), 5.84 (dd, J = 15.7, 1.3 Hz, 1H), 3.71 (s, 3H), 3.52 – 3.42 (m, 1H), 1.97 – 1.83 
(m, 2H), 0.91 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.09, 151.89, 145.32, 139.44, 133.55, 132.42, 
128.36, 127.61, 126.37, 126.09, 125.98, 125.61, 120.60, 51.48, 50.30, 27.85, 12.15.  Anal. Calcd. for C17H18O2: C, 
80.28; H, 7.13; N, 0.00; found: C, .80.28; H, 7.13; N, <0.02% 
 
(E)-Methyl-4-(2-methoxyphenyl)hex-2-enoate  (Table 3, entry 13).  The reaction was run following General 
Coupling Procedure A with 2-bromoanisole (187 mg, 1.00 mmol).  Flash chromatography eluting with 95:5 
pentane:EtOAc gave 185 mg of the product (79% yield). 
CO2Me
Et
OMe
 
1H NMR (500 MHz, CDCl3) δ 7.23 – 7.17 (m, 1H), 7.15 – 7.11 (m, 1H), 7.09 (dd, J = 14.9, 7.0 Hz, 1H), 6.92 (td, 
J = 7.5, 0.9 Hz, 1H), 6.86 (d, J = 7.9 Hz, 1H), 5.79 (dd, J = 15.7, 1.1 Hz, 1H), 3.87 – 3.74 (m, 4H), 3.70 (s, 3H), 1.89 
– 1.70 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.35, 157.05, 152.06, 130.32, 127.87, 
127.56, 120.68, 120.11, 110.68, 55.37, 51.35, 42.74, 26.65, 12.11.  Anal. Calcd. for C14H18O3: C, 71.77; H, 7.74; N, 
0.00; found: C, .71.56; H, 7.55; N, <0.02% 
 
(E)-Methyl-4-((3-methoxy)phenyl)hex-2-enoate  (Table 3, entry 14).  The reaction was run following General 
Coupling Procedure A with 3-bromoanisole (187 mg, 1.00 mmol).  Flash chromatography eluting with 95:5 
pentane:EtOAc gave 206 mg of the product (88% yield). 
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CO2Me
Et
MeO
 
1H NMR (500 MHz, CDCl3) δ 7.23 (t, J = 7.9 Hz, 1H), 7.06 (dd, J = 15.7, 7.9 Hz, 1H), 6.77 (dd, J = 7.9, 2.0 Hz, 
2H), 6.74 – 6.68 (m, 1H), 5.80 (dd, J = 15.7, 0.9 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 3H), 3.30 – 3.20 (m, 1H), 1.87 – 1.71 
(m, 2H), 0.88 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.07, 159.78, 151.83, 143.70, 129.61, 120.41, 
120.11, 113.70, 111.72, 55.16, 51.45, 50.28, 27.85, 12.08.  Anal. Calcd. for C14H18O3: C, 71.77; H, 7.74; N, 0.00; 
found: C, .71.53; H, 7.51; N, <0.02% 
 
(E)-Methyl-4-(4-methoxyphenyl)hex-2-enoate  (Table 3, entry 15).  The reaction was run following General 
Coupling Procedure A with 4-bromoanisole (187 mg, 1.00 mmol).  Flash chromatography eluting with 95:5 
pentane:EtOAc gave the201 mg of the product (86% yield). 
CO2Me
Et
MeO
 
1H NMR (500 MHz, CDCl3) δ 7.09 (dd, J = 6.8, 4.8 Hz, 2H), 7.08 – 7.01 (m, 1H), 6.88 – 6.83 (m, 2H), 5.77 (dd, J 
= 15.6, 1.3 Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 3.29 – 3.20 (m, 1H), 1.86 – 1.68 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 167.17, 158.33, 152.41, 134.04, 128.67, 120.03, 114.03, 55.24, 51.44, 49.39, 27.92, 
12.09.  Anal. Calcd. for C14H18O3: C, 71.77; H, 7.74; N, 0.00; found: C, .80.28; H, 7.13; N, <0.02% 
 
(E)-Methyl-4-(4-aminophenyl)hex-2-enoate  (Table 3, entry 16).  The reaction was run following General 
Coupling Procedure A with PtBu3 (4.0 mg, 0.020 mmol), 4-bromoaniline (172 mg, 1.00 mmol), triethyl(1-
methoxyhexa-1,3-dienyloxy)silane (6b) (727 mg of a sample of 86% purity, 2.60 mmol after correcting for purity), 
zinc chloride (409 mg, 3.00 mmol), and Pd(dba)2 (11.5 mg, 0.0200 mmol).  Flash chromatography eluting with 
75:25 hexane:EtOAc gave 150 mg of the product (74% yield). 
CO2Me
Et
H2N
 
31 
 
1H NMR (500 MHz, CDCl3) δ 7.04 (dd, J = 15.6, 7.9 Hz, 1H), 6.98 – 6.92 (m, 2H), 6.67 – 6.61 (m, 2H), 5.77 (dd, 
J = 15.6, 1.2 Hz, 1H), 3.70 (s, 3H), 3.62 (bs, 2H), 3.24 – 3.13 (m, 1H), 1.83 – 1.64 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 167.25, 152.77, 144.98, 131.90, 128.53, 119.72, 115.34, 51.39, 49.40, 27.81, 12.07.  
Anal. Calcd. for C13H17NO2: C, 71.21; H, 7.81; N, 6.39; found: C, .71.21; H, 7.62; N, 6.18 
 
(E)-Methyl-4-(4-(N,-methylamino)phenyl)hex-2-enoate  (Table 3, entry 17).  The reaction was run following 
General Coupling Procedure A with 4-bromo-N-methylaniline (186 mg, 1.00 mmol), triethyl(1-methoxyhexa-1,3-
dienyloxy)silane (6b) (727 mg of a sample of 86% purity, 2.60 mmol after correcting for purity) and zinc chloride 
(409 mg, 3.00 mmol).  Flash chromatography eluting with 85:15 hexanes:EtOAc gave 177 mg of the product (76% 
yield). 
CO2Me
Et
MeHN
 
1H NMR (500 MHz, CDCl3) δ 7.05 (dd, J = 15.6, 7.9 Hz, 1H), 7.01 – 6.96 (m, 2H), 6.57 (d, J = 8.4 Hz, 2H), 5.77 
(dd, J = 15.6, 0.8 Hz, 1H), 3.70 (s, 3H), 3.24 – 3.14 (m, 1H), 2.82 (s, 3H), 1.83 – 1.67 (m, 2H), 0.87 (t, J = 7.4 Hz, 
3H).  13C NMR (126 MHz, CDCl3) δ 167.29, 152.95, 148.06, 130.49, 128.45, 119.59, 112.60, 51.36, 49.40, 30.81, 
27.81, 12.12.  Anal. Calcd. for C14H19NO2: C, 72.07; H, 7.21; N, 6.00; found: C, .72.07; H, 8.21; N, 5.85 
 
(E)-Methyl-4-(4-(N,N-dimethylamino)phenyl)hex-2-enoate  (Table 3, entry 18).  The reaction was run 
following Procedure B with 4-bromo-N,N-dimethylaniline (200 mg, 1.00 mmol).  Flash chromatography eluting 
with 95:5 pentane:EtOAc gave 222 mg of the product (90% yield). 
CO2Me
Et
Me2N
 
1H NMR (500 MHz, CDCl3) δ 7.09 – 7.01 (m, 3H), 6.70 (d, J = 8.7 Hz, 2H), 5.77 (dd, J = 15.6, 1.2 Hz, 1H), 3.70 (s, 
3H), 3.20 (q, J = 7.5 Hz, 1H), 2.92 (s, 6H), 1.83 – 1.69 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, 
CDCl3) δ 167.27, 152.91, 149.46, 129.78, 128.30, 119.60, 112.85, 51.35, 49.29, 40.66, 27.79, 12.14.  Anal. Calcd. 
for C15H21NO2: C, 72.84; H, 8.56; N, 5.66; found: C, .72.82; H, 8.56.21; N, 5.74. 
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(E)-Methyl 4-(4-(trifluoromethyl)phenyl)hex-2-enoate  (Table 3, entry 19).  The reaction was run following 
General Coupling Procedure A with 4-bromobenzotrifluoride (225 mg, 1.00 mmol).  Flash chromatography eluting 
with 98:2 pentane:acetone gave 213 mg of the product (78% yield). 
CO2Me
Et
F3C
 
1H NMR (500 MHz, CDCl3) δ 7.58 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.05 (dd, J = 15.7, 7.8 Hz, 1H), 
5.80 (dd, J = 15.7, 1.2 Hz, 1H), 3.72 (s, 3H), 3.44 – 3.28 (m, 1H), 1.92 – 1.71 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C 
NMR (126 MHz, CDCl3) δ 166.80, 150.71, 146.16, 129.08 (q, J = 32.4 Hz), 128.10, 125.61 (q, J = 3.8 Hz), 
124.11(q, J = 276 Hz), 121.12, 51.54, 49.97, 27.86, 11.95.  19F NMR (376 MHz, CDCl3) δ -62.94.  Anal. Calcd. for 
C14H15F3O2: C, 61.76; H, 5.55; N, 0.00; found: C, .61.76; H, 5.35; N, <0.02%. 
 
(E)-Methyl 4-(4-fluorophenyl)hex-2-enoate  (Table 3, entry 20).  The reaction was run following General 
Coupling Procedure A with 1-bromo-4-fluorobenzene (175 mg, 1.00 mmol).  Flash chromatography eluting with 
98:2 pentane:acetone gave 215 mg of the product (97% yield). 
CO2Me
Et
F
 
1H NMR (500 MHz, CDCl3) δ 7.16 – 7.08 (m, 2H), 7.07 – 6.97 (m, 3H), 5.77 (dd, J = 15.7, 1.3 Hz, 1H), 3.71 (s, 
3H), 3.33 – 3.24 (m, 1H), 1.88 – 1.68 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.01, 
161.63 (d, JCF = 244.8 Hz), 151.71, 137.66, 129.14 (d, JCF = 7.9 Hz), 120.47, 115.45 (d, JCF = 21.3 Hz), 51.50, 
49.40, 27.97, 12.00.  19F NMR (376 MHz, CDCl3) δ -116.65 – -116.79 (m).  Anal. Calcd. for C13H15FO2: C, 70.25; 
H, 6.80; N, 0.00; found: C, .70.10; H, 6.78; N, <0.02%. 
 
(E)-Methyl 4-(4-chlorophenyl)hex-2-enoate  (Table 3, entry 21).  The reaction was run following General 
Coupling Procedure A with 1-bromo-4-chlorobenzene (191 mg, 1.00 mmol).  Flash chromatography eluting with 
98:2 pentane:acetone gave 232 mg of the product (92% yield). 
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CO2Me
Et
Cl
 
1H NMR (500 MHz, CDCl3) δ 7.31 – 7.26 (m, 2H), 7.13 – 7.08 (m, 2H), 7.03 (dd, J = 15.7, 7.7 Hz, 1H), 5.77 (dd, 
J = 15.7, 1.3 Hz, 1H), 3.71 (s, 3H), 3.34 – 3.20 (m, 1H), 1.85 – 1.68 (m, 2H), 0.87 (t, J = 7.4 Hz, 3H).  13C NMR 
(126 MHz, CDCl3) δ 166.93, 151.31, 140.49, 132.46, 129.08, 128.79, 120.71, 51.52, 49.53, 27.86, 11.99.  Anal. 
Calcd. for C13H15ClO2: C, 65.41; H, 6.33; N, 0.00; found: C, .65.30; H, 6.51; N, <0.02%. 
 
(E)-Methyl-4-(4-cyanophenyl)hex-2-enoate  (Table 3, entry 22).  The reaction was run following General 
Coupling Procedure A with 4-bromo-benzonitrile (200 mg, 1.00 mmol).  Flash chromatography eluting with 85:15 
hexanes:EtOAc gave 178 mg of the product (78% yield). 
CO2Me
Et
NC
 
1H NMR (500 MHz, CDCl3) δ 7.65 – 7.56 (m, 2H), 7.29 (d, J = 8.3 Hz, 2H), 7.01 (dd, J = 15.7, 7.8 Hz, 1H), 5.80 
(dd, J = 15.7, 1.1 Hz, 1H), 3.72 (s, 3H), 3.40 – 3.32 (m, 1H), 1.90 – 1.72 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).  13C 
NMR (126 MHz, CDCl3) δ 166.65, 149.96, 147.63, 132.51, 128.57, 121.50, 118.72, 110.73, 51.63, 50.13, 27.79, 
11.93.  Anal. Calcd. for C14H15NO2: C, 73.34.76; H, 6.59; N, 6.11; found: C, .73.08; H, 6.55; N, 5.98. 
 
(E)-Methyl 4-(4-nitrophenyl)hex-2-enoate (Table 3, entry 23).  The reaction was run following General 
Coupling Procedure A with 1-bromo-4-nitrobenzene (191 mg, 1.00 mmol).  Flash chromatography eluting with 
90:10 hexane:EtOAc gave 209 mg of the product (84% yield). 
CO2Me
Et
O2N
 
1H NMR (500 MHz, CDCl3) δ 8.27 – 8.03 (m, 2H), 7.38 – 7.32 (m, 2H), 7.03 (dd, J = 15.7, 7.8 Hz, 1H), 5.87 – 
5.77 (m, 1H), 3.73 (s, 3H), 3.49 – 3.37 (m, 1H), 1.93 – 1.74 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, 
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CDCl3) δ 166.60, 149.74, 146.85, 145.32, 128.61, 123.95, 121.67, 51.65, 49.91, 27.91, 11.93.  Anal. Calcd. for 
C13H15NO4: C, 62.64; H, 6.07; N, 5.62; found: C, .62.91; H, 6.16; N, 5.44. 
 
(E)-Methyl 4-(4-acetylphenyl)hex-2-enoate (Table 3, entry 24) .  The reaction was run following General 
Coupling Procedure A with 4’-bromoacetophenone (199 mg, 1.00 mmol) Flash chromatography eluting with 85:15 
hexanes:EtOAc gave 159 mg of the product (65% yield). 
CO2Me
Et
O
 
1H NMR (500 MHz, CDCl3) δ 7.95 – 7.87 (m, 2H), 7.31 – 7.25 (m, 2H), 7.06 (dd, J = 15.7, 7.8 Hz, 1H), 5.80 (dd, 
J = 15.7, 1.2 Hz, 1H), 3.72 (s, 3H), 3.43 – 3.33 (m, 1H), 2.59 (d, J = 0.5 Hz, 3H), 1.91 – 1.73 (m, 2H), 0.88 (t, J = 
7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 197.66, 166.83, 150.76, 147.66, 135.79, 128.79, 127.98, 121.07, 51.54, 
50.13, 27.84, 26.57, 11.98.Anal. Calcd. for C15H18O3: C, 73.15; H, 7.37; N, 0.00; found: C, .73.41; H, 7.64; N, 
<0.02%. 
 
(E)-Methyl 4-(4-propionylphenyl)hex-2-enoate  (Table 3, entry 25).  The reaction was run following General 
Coupling Procedure A with 4’-bromopropiophenone (213 mg, 1.00 mmol).  Flash chromatography eluting with 92:8 
pentane:EtOAc gave 215 mg of the product (82% yield). 
CO2Me
Et
Et
O
 
1H NMR (500 MHz, CDCl3) δ 7.95 – 7.88 (m, 2H), 7.26 (t, J = 4.1 Hz, 2H), 7.06 (dd, J = 15.7, 7.8 Hz, 1H), 5.80 
(dd, J = 15.7, 1.3 Hz, 1H), 3.71 (s, 3H), 3.42 – 3.32 (m, 1H), 2.99 (q, J = 7.2 Hz, 2H), 1.91 – 1.74 (m, 2H), 1.22 (t, J 
= 7.2 Hz, 3H), 0.88 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 200.33, 166.85, 150.84, 147.37, 135.57, 
128.45, 127.96, 121.02, 51.55, 50.13, 31.73, 27.85, 12.00, 8.24.  Anal. Calcd. for C16H20O3: C, 73.82; H, 7.74; N, 
0.00; found: C, .73.72; H, 7.81; N, <0.02%. 
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(E)-Methyl 4-(6-methoxy-6-oxohex-4-en-3-yl)benzoate  (Table 3, entry 26).  The reaction was run following 
General Coupling Procedure A with methyl 4’-bromobenzoate (215 mg, 1.00 mmol).  Flash chromatography eluting 
with 90:10 hexane:EtOAc gave 242 mg of the product (92% yield). 
CO2Me
Et
MeO2C
 
1H NMR (500 MHz, CDCl3) δ 8.02 – 7.94 (m, 2H), 7.30 – 7.21 (m, 2H), 7.06 (dd, J = 15.7, 7.8 Hz, 1H), 5.80 (dd, 
J = 15.7, 0.9 Hz, 1H), 3.91 (s, 3H), 3.72 (s, 3H), 3.41 – 3.29 (m, 1H), 1.91 – 1.72 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H).  
13C NMR (126 MHz, CDCl3) δ 166.88, 166.87, 150.86, 147.40, 129.99, 128.71, 127.79, 121.01, 52.06, 51.54, 50.15, 
27.87, 11.98.  Anal. Calcd. for C15H18O4: C, 68.68; H, 7.37; N, 0.00; found: C, .68.41; H, 7.00; N, <0.02%. 
 
(E)-Methyl 4-(thiophen-2-yl)hex-2-enoate  (Table 3, entry 27).  The reaction was run following General 
Coupling Procedure A with 2-bromothiophene (163 mg, 1.00 mmol).  Flash chromatography eluting with 95:5 
pentane:EtOAc gave 167 mg of the product (79% yield). 
CO2Me
Et
S
 
1H NMR (500 MHz, CDCl3) δ 7.29 (dd, J = 4.9, 3.0 Hz, 1H), 7.02 (dd, J = 15.6, 8.1 Hz, 1H), 7.00 (d, J = 2.8 Hz, 
1H), 6.93 (d, J = 5.0 Hz, 1H), 5.80 (dd, J = 15.6, 1.0 Hz, 1H), 3.72 (s, 3H), 3.44 (q, J = 7.5 Hz, 1H), 1.89 – 1.71 (m, 
2H), 0.90 (t, J = 7.4 Hz, 3H)., 13C NMR (126 MHz, CDCl3) δ 167.05, 151.35, 142.58, 126.89, 125.81, 120.72, 
120.57, 51.48, 45.48, 27.88, 12.02.  Anal. Calcd. for C11H14O2S: C, 62.83; H, 6.71; N, 0.00; found: C, .62.80; H, 
6.68; N, <0.02%. 
 
(E)-Methyl 4-(pyridin-3-yl)hex-2-enoate  (Table 3, entry 28).  To a vial containing 3-bromopyridine (157 mg, 
1.00 mmol) in 2 mL of Et2O was added 1 mL of BEt3 (1 M in hexanes).  The mixture was stirred for 2 h and then 
concentrated under vacuum.  In a separate 1 dram-vial was weighed PtBu3 (2.0 mg, 0.010 mmol), triethyl(1-
methoxyhexa-1,3-dienyloxy)silane (6b) (346 mg of a sample of 86% purity, 1.3 mmol) and zinc chloride (204 mg, 
1.50 mmol), followed by Pd(dba)2 (5.8 mg, 0.010 mmol).  The crude pyridine-BEt3 adduct was diluted with 1 mL of 
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THF and transferred to the vial containing the acetal and catalyst.  The vial was rinsed with an addition 1 mL of 
THF and transferred to the vial containing the reaction.  A Teflon coated stirbar was added, followed by 2 mL of 
THF.  The vial was closed with a PTFE/Silicone septum lined cap and removed from the drybox.  The reaction was 
stirred at RT until GC/MS spectroscopy analysis showed full consumption of aryl bromide after 24 h.  Upon 
completion, the reaction was diluted with 30 mL ethyl acetate (EtOAc) and washed 3× with a saturated NaHCO3 
solution.  An additional 10 mL of EtOAc was added to the combined aqueous washes for back-extraction.  The 
combined organic solutions were washed once with brine and dried with anhydrous MgSO4.  The suspension was 
filtered through a plug of Celite.  Volatile materials were removed by rotary evaporator.  The crude mixture was 
purified by silica gel flash chromatography.  Flash chromatography, eluting with 60:38:2 
hexeanes:EtOAc:triethylamine gave 129 mg of the product (63% yield). 
CO2Me
Et
N
 
1H NMR (500 MHz, CDCl3) δ 8.47 (dd, J = 22.7, 2.7 Hz, 2H), 7.49 (d, J = 7.9 Hz, 1H), 7.26 (dd, J = 7.9, 4.7 Hz, 
1H), 7.04 (dd, J = 15.7, 7.7 Hz, 1H), 5.81 (dd, J = 15.7, 1.2 Hz, 1H), 3.72 (s, 3H), 3.38 – 3.29 (m, 1H), 1.91 – 1.82 
(m, 1H), 1.82 – 1.73 (m, 1H), 0.89 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 166.75, 150.51, 149.53, 
148.26, 137.50, 135.00, 123.62, 121.28, 51.58, 47.52, 27.76, 11.95. 
 
(E)-Methyl 4-(quinolin-6-yl)hex-2-enoate  (Table 3, entry 29).  The reaction was run following General 
Coupling Procedure A with 6-bromoquinoline (208 mg, 1.00 mmol).  Flash chromatography eluting with 85:15 
hexane:EtOAc gave 212 mg of the product in approximately 85% purity (71% yield after correcting for purity). 
CO2Me
Et
N
 
1H NMR (499 MHz, CDCl3) δ 8.88 (dd, J = 4.2, 1.7 Hz, 1H), 8.12 (d, J = 7.5 Hz, 1H), 8.07 (d, J = 8.7 Hz, 1H), 
7.60 (d, J = 1.8 Hz, 1H), 7.55 (dd, J = 8.7, 2.0 Hz, 1H), 7.40 (dd, J = 8.3, 4.2 Hz, 1H), 7.15 (dd, J = 15.7, 7.7 Hz, 
1H), 5.84 (dd, J = 15.7, 1.2 Hz, 1H), 3.71 (s, 3H), 3.58 – 3.44 (m, 1H), 1.97 – 1.84 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H).   
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13C NMR (126 MHz, CDCl3) δ 166.94, 151.23, 150.07, 147.29, 140.45, 135.88, 129.74, 129.69, 128.33, 126.11, 
121.29, 120.99, 51.55, 50.03, 27.89, 12.09. 
(E)-Methyl 4-(1H-indol-5-yl)hex-2-enoate  (Table 3, entry 30).  The reaction was run following General 
Coupling Procedure A with 5-bromoindole (196 mg, 1.00 mmol).  Flash chromatography eluting with 85:15 
hexane:EtOAc gave 171 mg of the product (70% yield). 
CO2Me
Et
H
N
 
1H NMR (500 MHz, CDCl3) δ 8.18 (s, 1H), 7.44 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.21 – 7.19 (m, 1H), 7.17 (dd, J 
= 15.7, 7.8 Hz, 1H), 7.00 (dd, J = 8.4, 1.6 Hz, 1H), 6.51 (dd, J = 3.5, 1.5 Hz, 1H), 5.82 (dd, J = 15.6, 1.1 Hz, 1H), 
3.70 (s, 3H), 3.39 (q, J = 7.5 Hz, 1H), 1.94 – 1.77 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 
167.38, 153.25, 134.78, 133.39, 128.13, 124.54, 122.02, 119.68, 119.52, 111.15, 102.43, 51.39, 50.36, 28.19, 12.22.  
Anal. Calcd. for C15H17NO2: C, 74.05; H, 7.04; N, 5.76; found: C, .74.50; H, 6.87; N, 5.57. 
 
(E)-Methyl 4-(1H-inden-2-yl)hex-2-enoate (Table 3, entry 31).  The reaction was run following General 
Coupling Procedure A with 2-bromoindene (195 mg, 1.00 mmol).  Flash chromatography eluting with 98:2 
pentane:acetone and further purification by Chromatotron® with 98:2 pentane:acetone gave 131 mg of the product 
(54% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 7.38 (d, J = 7.4 Hz, 1H), 7.30 (d, J = 7.4 Hz, 1H), 7.27 – 7.19 (m, 1H), 7.13 (t, J = 
7.4 Hz, 1H), 6.98 (ddd, J = 15.6, 8.4, 0.7 Hz, 1H), 6.61 (s, 1H), 5.87 (d, J = 15.6 Hz, 1H), 3.73 (d, J = 0.8 Hz, 3H), 
3.32 (s, 2H), 3.29 – 3.18 (m, 1H), 1.86 – 1.67 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 
166.96, 150.92, 149.52, 144.80, 142.88, 127.73, 126.36, 124.16, 123.52, 120.93, 120.40, 51.49, 46.13, 39.17, 26.78, 
12.00.  Anal. Calcd. for C16H18O2: C, 79.31; H, 7.49; N, 0.00; found: C, .79.04; H, 7.38; N, <0.02%. 
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(E)-Methyl 4-ethyl-6-methylhepta-2,5-dienoate (Table 3, entry 32).  The reaction was run following General 
Coupling Procedure A with 1-bromo-2-methyl-1-propene (135 mg, 1.00 mmol).  Flash chromatography eluting with 
99:1 pentane:acetone, followed by chromatoron with 99:1 pentane : acetone gave 63 mg of the product (35% yield). 
CO2Me
Et  
1H NMR (500 MHz, CDCl3) δ 6.82 (dd, J = 15.7, 7.3 Hz, 1H), 5.76 (ddd, J = 15.7, 1.3, 0.5 Hz, 1H), 4.92 (dd, J = 
9.0, 1.2 Hz, 1H), 3.71 (d, J = 0.5 Hz, 3H), 3.00 – 2.89 (m, 1H), 1.71 (d, J = 0.5 Hz, 3H), 1.60 (d, J = 0.9 Hz, 3H), 
1.56 – 1.44 (m, 1H), 1.44 – 1.32 (m, 1H), 0.86 (t, J = 7.4 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.43, 152.18, 
133.85, 124.79, 119.20, 51.37, 42.87, 27.78, 25.81, 18.11, 11.65. Anal. Calcd. for C11H18O2: C, 72.49; H, 9.95; N, 
0.00; found: C, .72.31; H, 9.75; N, <0.02%. 
 
Ethyl 2-methyl-4-phenylpent-2-enoate (Table 4, entry 1). The reaction was run following General Coupling 
Procedure A (1-ethoxy-2-methylpenta-1,3-dienyloxy)triethylsilane (720 mg of a sample of 72% purity, 2.20 mmol), 
zinc chloride (404 mg, 3.00 mmol), PtBu3 (4.2 mg, 0.020 mmol), Pd(dba)2 (11.9 mg, 0.0200 mmol.  Flash 
chromatography eluting with 98:2 pentane:ether and further purification by Chromatotron® with 98:2 pentane:ether.  
The geometry of the olefins in the isomeric products was determined by NOE spectroscopy. 
CO2EtPh
 
(Z)-isomer: 17 mg (8% yield).  1H NMR (499 MHz, CDCl3) δ 7.34 – 7.25 (m, 4H), 7.22 – 7.16 (m, 1H), 5.96 (dd, 
J = 10.2, 1.4 Hz, 1H), 4.51 (dt, J = 17.3, 7.0 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 1.90 (d, J = 1.3 Hz, 3H), 1.37 (d, J = 
6.9 Hz, 3H), 1.32 (t, J = 7.1 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 168.02, 146.36, 145.49, 128.47, 127.02, 
126.18, 125.68, 60.23, 38.52, 21.33, 20.79, 14.28. 
(E)-isomer: 121 mg (56% yield). 1H NMR (500 MHz, CDCl3) δ 7.31 (dd, J = 10.3, 4.7 Hz, 2H), 7.26 – 7.18 (m, 
3H), 6.86 (dq, J = 9.9, 1.4 Hz, 1H), 4.18 (qd, J = 7.1, 1.6 Hz, 2H), 3.79 (dq, J = 9.8, 7.0 Hz, 1H), 1.91 (d, J = 1.4 Hz, 
3H), 1.40 (d, J = 7.0 Hz, 3H), 1.28 (t, J = 7.1 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 168.28, 145.83, 144.54, 
128.62, 126.99, 126.62, 126.41, 60.53, 38.67, 21.28, 14.26, 12.54.  Anal. Calcd. for C14H18O2: C, 77.03; H, 7.49; N, 
0.00; found: C, .76.86; H, 8.31; N, <0.02%. 
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Ethyl 3-ethyl-4-phenylpent-2-enoate (Table 4, entry 2). The reaction was run following General Coupling 
Procedure A with (1-ethoxy-3-ethylpenta-1,3-dienyloxy) triethylsilane (405 mg of a sample of 88% purity, 1.32 
mmol).  Flash chromatography, eluting with 99:1 pentane:ether and further purification by Chromatotron® with 99:1 
pentane:ether The geometry of the olefins was confirmed by NOE spectroscopy. 
CO2EtPh
 
(Z)-Isomer: 18 mg (8% yield) 1H NMR (500 MHz, CDCl3) δ 7.32 – 7.27 (m, 4H), 7.23 – 7.16 (m, 1H), 5.70 (s, 
1H), 5.52 – 5.39 (m, 1H), 4.21 (qd, J = 7.1, 3.0 Hz, 2H), 2.16 – 2.00 (m, 1H), 1.91 – 1.77 (m, 1H), 1.45 (dd, J = 7.1, 
2.9 Hz, 3H), 1.32 (dd, J = 8.7, 5.6 Hz, 3H), 0.91 (dd, J = 8.8, 5.9 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 167.83, 
166.87, 143.11, 128.13, 127.63, 126.12, 114.09, 59.70, 38.78, 24.68, 17.02, 14.33, 12.27. 
(E)-Isomer: 141 mg (61% yield).  1H NMR (500 MHz, CDCl3) δ 7.33 – 7.26 (m, 2H), 7.24 – 7.16 (m, 3H), 5.77 
(s, 1H), 4.16 (qd, J = 7.1, 0.6 Hz, 2H), 3.64 – 3.55 (m, 1H), 2.74 (dq, J = 12.5, 7.5 Hz, 1H), 2.23 (dq, J = 12.4, 7.5 
Hz, 1H), 1.41 (d, J = 7.0 Hz, 3H), 1.29 (dd, J = 9.5, 4.7 Hz, 3H), 0.99 (t, J = 7.5 Hz, 3H). 13C NMR (126 MHz, 
CDCl3) δ 168.36, 166.61, 143.51, 128.46, 127.76, 126.59, 114.82, 59.63, 46.74, 25.11, 20.18, 14.29, 13.61. 
 
(E)-Ethyl 4-methyl-4-phenylpent-2-enoate (Table 4, entry 3).  The reaction was run following General 
Coupling Procedure A with with PtBu3 (4.0 mg, 0.020 mmol), (1-ethoxy-4-methylpenta-1,3-dienyloxy)triethylsilane 
(385 mg of a sample of 88% purity, 1.32 mmol), Pd(dba)2 (10.6 mg, 0.0200 mmol).  Flash chromatography eluting 
with 99:2 pentane:acetone gave 174 mg of the product (80% yield). 
CO2Et
 
1H NMR (500 MHz, CDCl3) δ 7.35 – 7.28 (m, 4H), 7.24 – 7.19 (m, 1H), 7.13 (d, J = 15.9 Hz, 1H), 5.81 (d, J = 
15.9 Hz, 1H), 4.19 (q, J = 7.1 Hz, 2H), 1.47 (s, 6H), 1.29 (t, J = 7.1 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 
167.06, 157.17, 146.44, 128.36, 126.36, 126.09, 118.03, 60.31, 40.98, 27.84, 14.25.  Anal. Calcd. for C14H18O2: C, 
77.03; H, 7.49; N, 0.00; found: C, .76.76; H, 8.59; N, <0.02%. 
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(E)-Ethyl 5-methyl-4-phenylhex-2-enoate (Table 4, entry 4).  The reaction was run following General Coupling 
Procedure A with (1-ethoxy-5-methylhexa-1,3-dienyloxy)triethylsilane (405 mg of a sample of 90% purity, 1.35 
mmol).  Flash chromatography eluting with 99:1 pentane:acetone and further purification by Chromatotron® with 
99:1 pentane:acetone gave 180 mg of the product (78% yield). 
CO2Et
 
1H NMR (500 MHz, CDCl3) δ 7.33 – 7.28 (m, 2H), 7.24 – 7.19 (m, 1H), 7.18 – 7.14 (m, 2H), 7.11 (dd, J = 15.5, 
9.5 Hz, 1H), 5.81 (dd, J = 15.5, 0.6 Hz, 1H), 4.16 (q, J = 7.1 Hz, 2H), 3.01 (t, J = 9.3 Hz, 1H), 2.10 – 1.98 (m, 1H), 
1.26 (t, J = 7.1 Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 0.77 (d, J = 6.6 Hz, 3H).  13C NMR (126 MHz, CDCl3) δ 166.59, 
150.96, 142.06, 128.60, 128.04, 126.59, 121.55, 60.23, 56.94, 32.71, 21.00, 20.89, 14.26. 
Procedure for the γ-Coupling of Triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) with bromobenzene 
catalyzed by [PtBu3Pd(μ-Br)]2 on a 10 mmol scale.  Inside an argon atmosphere was weighed [PtBu3Pd(μ-Br)]2 
(15.5 mg, 0.020 mmol) in a 3-neck 50 mL round bottom flask charged with a Teflon-coated stirbar.  Bromobenzene 
(1.57 g, 10.0 mmol), followed by triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (3.46 g of a sample of 86% 
purity, 13.0 mmol), was added to the flask.  Zinc chloride (2.04 g, 15.0 mmol) was added.  20 mL of THF was added 
to the flask.  The flask was sealed with a gas inlet valve, a glass stopper and a rubber septum and removed from the 
drybox.  The reaction was stirred at RT.  GC analysis showed a 93:3 ratio of product 2:PhBr after 4 h; the ratio did 
not change after stirring and additional 2 h.  At this time, the reaction was diluted with 150 mL of ethyl acetate 
(EtOAc) and washed 3× with a saturated NaHCO3 solution.  An additional 30 mL of EtOAc was added to the 
combined aqueous washes for back-extraction.  The combined organic solutions were washed once with brine and 
dried with anhydrous MgSO4.  The suspension was filtered through a plug of Celite.  Volatile materials were 
removed by rotary evaporator.  The crude mixture was purified by silica gel flash chromatography to give 1.42 g of 
product 2 (69% yield). 
1-Adamantyl-di(tert)-butyl phosphine.  1-Adamantyl-di(tert)-butyl phosphine was prepared through 
modification of a previously reported procedure.45  In a drybox under an argon or nitrogen atmosphere, ClP(tBu)2 
(0.55 mL 2.9 mmol), copper(I) iodide (53 mg, 0.10 mmol), and lithium bromide (48 mg, 0.20 mmol) were combined 
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in a Schlenk flask and diluted with 10 mL of ether.  The Schlenk flask was removed from the drybox and stirred and 
cooled to 0 oC while adding 1-adamantyl-magnesium bromide (0.47 M solution in Et2O, 12.4 mL, 5.76 mmol).  The 
Schlenk flask was warmed to room temperature and stirred overnight.  Volatile materials were removed under 
vacuum, and the Schlenk flask was brought into a drybox.  The residue was dissolved in benzene and filtered 
through a pad of Celite.  The filtrate was collected and concentrated under vacuum; the reside was dissolved in THF.  
The Schlenk flask was removed from the drybox and stirred at 0 oC while adding dropwise borane-tetrahydrofuran 
complex (1 M in THF, 4.5 mL, 4.5 mmol).  The Schlenk flask was warmed to room temperature and stirred for an 
additional hour.  Any excess borane was quenched with MeOH.  Volatile materials were removed under vacuum.  
The borane-phosphine complex was purified by flash chromatography, eluting with a gradient of 100:0 to 25:1 
hexanes:EtOAc.  Volatile materials were removed under vacuum.  The purified borane-phosphine was transferred to 
a 3-neck flask.  Approximately 100 mL of anhydrous, degassed morpholine was transferred to the 3-neck flask via 
cannula and heated at 110 oC for 1 h.  Volatile materials were removed under vacuum.  The three-neck flask was 
brought into a dry box.  The residue was dissolved with pentane and filtered through a plug of silica gel.  
Evaporation of the pentane gave 0.50 g (62% yield) of purified phosphine.  The resonances in the 1H and 31P NMR 
spectra matched reported chemical shifts.45 
[(1-Ad)tBu2PPd(Ph)C]2.  The synthesis of [(1-Ad)tBu2PPd(Ph)C]2 was adapted from a known procedure.37  In a 
drybox under a nitrogen atmosphere, a suspension of py2Pd(Ph)Cl (50 mg, 0.13 mmol) and 1-adamantyl-di(tert)-
butyl phosphine (74 mg, 0.26 mmol) in 5 mL of toluene was stirred for 30 min.  The volatile mateirals were 
evaporated under vacuum to leave a yellow and white residue.  The residue was diluted with toluene and filtered 
through a PTFE syringe filter (25 mm × 0.45 μm).  The filtrate was collected and concentrated under vacuum.  The 
residue was redissolved in toluene and layered with pentane and stored overnight in a –35 oC freezer.  The resulting 
solid was collected and washed with pentane and dried under vacuum to yield 17 mg (27% yield) of a yellow solid.  
The resonances in the 1H and 31P NMR spectra matched reported chemical shifts.37 
Procedures for Stoichiometric Reactions Between Triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) and (1-
Ad)tBu2PPd(Ph)Br. (6) Complexes.  Inside a drybox under an argon or nitrogen atmosphere to a 1 dram vial was 
added triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b)  (36.4 mg of a sample of 86% purity, 0.130 mmol) and 
diluted with 1 ml of a stock solution containingi 2.1 mg/ml of dodecane in THF. The resulting solution was added to 
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a screw capped NMR tube containing (1-Ad)tBu2PPd(Ph)Br (14) (16.3 mg, 0.0300 mmol), P(1-Ad)tBu2 (8.4 mg, 
0.030 mmol), trimesitylphosphine as an internal standard (10 mg), and zinc chloride (20.4 mg, 0.150 mmol).  The 
NMR tube was closed with a PTFE/Silicone septum lined cap and removed from the drybox.  The reaction was 
monitored by 31P NMR spectroscopy (100% conversion of palladium complex 14) and GC analysis (27-69% yield 
of ester 7). 
Procedure for the Stoichiometric Reaction Between Triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) and 
(1-Ad)tBu2PPd(Ph)Br. (6) in the Presence of an Aryl Halide.  Inside a drybox under an argon or nitrogen 
atmosphere, to a 1-dram vial was added (1-Ad)tBu2PPd(Ph)Br (14) (15.0 mg, 0.0280 mmol), (1-Ad)PtBu2 (7.8 mg, 
0.028 mmol)  trimesitylphosphine as internal standard (10 mg), and zinc chloride (19.0 mg, 0.140 mmol).  To this 
vial was added 1 mL of a 2.1 mg/mL dodecane in THF solution.  To this vial was added was added a solution of 
triethyl(1-methoxyhexa-1,3-dienyloxy)silane (6b) (34.0 mg of a sample of 86% purity, 0.140 mmol based on weight 
of pure silyl ketene acetal) and 1-bromo-4-chlorobenzene (21.4 mg, 0.120 mmol) in 0.1 mL of THF.  The reaction 
was monitored by GC analysis (82% yield of ester 7). 
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